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! B HactoAwmeM c60pHHKE MNOMELIeHbl CTaTbd, OTHOCALIHECH K Pas3HYHbIM
BONpPOCAaM CTPOHTeJNbHOH MexaHMKH. OjaHa uacTbh crartefl nocBsflieHa, JIABHbIM
00pasoM, pelleHHI0 3aAad O HalpsXKeHHOM COCTOSIHHH IIaCTHH M CTepKHeH.
B apyrofi wacTW u371aralorcsi pesyJbTaThi JKCIEPHMEHTANbHBLIX KHCCACAOBAHHH
OpPOYHOCTH CTaJeH MPH MepeMeHHbIX HAarpyskax.

CG6opHHK paccunTaH Ha PaGOTHHKOB HayYHO-HCCJIEJOBATeJNbCKHX YUpex-
JEHUIl H TNPOeKTHbIX OpraHW3alui.
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HPEAUCJ/IOBUE

B Hacrosiem cGopHHKe TOMEIIEHBl CTATbH, NOCBSUICHHbE PAa3THYHBLIM
BOIpOCaM CTPOUTENIbHOH MexaHuKH. OnHa 4acTb craTell HOCBSILIeHa, IJIaB-
HbiIM O0pas3oM, peLICHHIO 32434 O HaNpsiKeHHOM COCTOSHMM IIJIACTHH
U crepxHedl. B Apyrofi yacTd uasararorcs pesysbTaThl SKCIEPHMEHTAJbHBX
MCCJIEOBAHUI TIPOYHOCTH CTasiell Ipu NepeMeHHbIX Harpyskax.

B crarbe [I. B. BaiinGepra naHo peuienne 3agauu o IJIocKolt megop-
MalMH KJIMHA, OTPaHH4eHHOrO TMapabosioi, INom HefiCTBHEM COGCTBEHHOTO
Beca. McciiefoBalo HampsokeHHOe COCTOSIHHE OKOJIO OTBEPCTHSL.

B cratee 3. M. Pamba paccMoTpeHo HalpsixkeHHOE COCTOSTHHE MacCHB-
HBIX COOPYXKEeHH# TI0J JedACTBHeM COGCTBEHHOro Beca € yUeToM TOpsiKa HX
BO3BeIEHUS,

B cratee A. II. KoBajleHKO HcC/IeNOBAaH HECHMMETPHUYHBIH H3THO KpY-
IJIOW NJIaCTHHKY, BBISBAHHBIH CHJIAMH HHEDHIHH NPH JBHXKEHHH, Ha3bIBacMOM
peryasapHo#l mpelieccuei.

B cratbe A. M. CTpenbOHLUKOH NMpeIJOXKEH HOBBIH METOA pacyeTa CTalb-
HbiX 0aJloK, paboTaloUIMX Ha KOCOH H3rHG 3a MpPEefejJoM YIPYTrOCTH.

B cratbe ®. [I. BensuxkuHa M3j1aralorcst pesysibTaThl TEOPETHUECKOTO
M 3KCIIEPUMEHTANbHOTO MCCJICA0BAHHS BeJHUUHBl Koo(hduUEenTa nomepmn-
BAIOILErO JEHCTBUS TPH H3THOEe AepEeBSIHHBIX GaJIoK.

B craree 1. M. CemenoBa npeanaraercst mpuGJIHXeHHBH Cloco6 pac-
yera THOKAX CTepxHel, IpPUMEHSIeMbIX B MAUIHHOCTPOEHHH ¥ TpHGOpPO-
CTPOEHHH,

B cratee B. M. Oxca m3jaraiorcss pe3yJbTaThl HCCJEJOBAHHsS KOHTYD-
HbIX OCOOBIX TOYEK KPHBOILO CTepXKHS IPH pas3NuyHO# Harpyske Ha ero
KOHI[aX.

B crathe B. E. CannoHa paccMaTpUBAIOTCS H3THOHO-KDYTHJLHBIE KOJIE-
6aHusl BLICOKHX JBYTaBPOBLIX GajloK TOA NEHCTBHEM NPOLOJBHBIX I1€PHOIH-
YecKHX CHJI, IPHJIOCKEHHBX SKCLUEHTPHIHO,

B cratee H. JI. JKyauna mpuBemeHbl pe3yJibTaThl HCTIBITAHHH ABYXIPO-
JIETHBIX CTaJIbHBIX GajioK IIDH IONBUKHOE HATpy3Ke B YIIPYro-IIaCTHYECKOH
CTa i,

B cratbe H. H. Uepusixa u3snoxkeHa paszpaGoTaHHasi aBTOPOM HOBas
MeTOAYKA H3MEepeHHs IJIaCTHYecKux JedopManuil U MoKa3aHO BJHsHHE Npel-
BaPHTEJNbHOH Medopmalli pacTsKeHHsT Ha BLIHOCJIHBOCTL CTaJH B HOpMA-
JIH30BAHHOM COCTOSIHHH.

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

B cratee I'. B. Kapneuko npuBeneHbl [aHHBIE G BJHSHHH CMa30YHBIX
MaceJ Ha BBIHOCJHBOCTb CraJjei.

B cratbe I B. KopHeeBa uamraraercss MeTOJMKAa 3KCI€pPHMEHTAJLHOTO
HCCJIeOBAHUS TPOYHOCTH 3JIEMEHTOB CTaJIbHBIX KOHCTPYKIHH, paboTatoLiux
NpH HEPEryJsipHbIX TepeMeHHBIX Harpy3Kax.

CGopHHK paccCUHTaH Ha PaGOTHUKOB HAyYHO-HCCJENOBATEJIBCKHX yupe-
KIGHHH U MPOEKTHBIX OpraHH3aLHH.
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HHCTUTYT CTPOMTEJIbHOM MEXAHUKU AKAJJEMHWH HAYK YCCP
1953 CBOPHHK TPYIOB Ne 18

HAMPSOKEHHOE COCTOSHHE MJOTHHbl NMAPABOJIMYECKOIO
MPOPHJA C OTBEPCTHEM

A. B. Baiitibepe

B crathe npHBOAMTCA pelleHWe 3alavH O IVIOCKOH JeOPMALUH KJHHA, OrpPaHHYEHHOTO
napaGoJsioli BTOPOTO NOPAAKA H HAXOMALIErocs MOA HelicTBHeM coGcTBeHHOro Beca. Mccae-
A0oBaHa KOHLEHTPALHsA HallPfXKeHHH B IVIOTHHE OKOJIO SJUIMNTHYECKOrO H KPYIJOro OTBep-
crafl. l1a 9THX CJyyaeB MOJ/yYyeHH pacueTHHe (OPMYJH H BHIIONHEHE] YHCJOBHE NPHMEpH.
HsokeHHas MeTOAMKA MOXeT GHTh TDHJIONKEHA K CIyYasM OTBEPCTHH LPYIHX OYepTaHHH.

1. MMocranoBka 3amauu *

Hanpsxxennoe cocTOfHHe TPaBHTAIMOHHBIX IWIOTHH OOGLIYHO ONpefe-
JsieTCsl Ha OCHOBAHHHM YpaBHEHHH IUIOCKOH 3aJaud TEOPDHM YIPYTLOoCTH Ans
GecKOHeUHOrO TPeYroJbHOro KiauHa [1] an6o ¢ NMOMOWIbI0 TPHOJIHIKEHHOro
meTona, npeliioxKeHHoro akan. bB. I'. IanepkuHbIM st TpaenoumasbHOTO

Puc. 1.

KnuHA [2]. MeX1y TeM ps MJIOTHH HMeeT 6ojiee CJIOXKHBIA MPOGHIb, KOHTYP
KOTOPOrO B BepXHEH YacTH JOBOJIBHO XODOLIO allPOKCHMHPYETCs TapaboJoi
BTOpOro nopsaxka (puc. 1)

£=anp. (1

* B o6cyXIeHHH NOCTAHORKH 3a[auH NPHHSJIH YIacTHe uieH-koppecnonaenT AH YCCP,
npogeccop HOKTOp TexHuueckux Hayk H. A. TImmknn, mpodeccop JOKTOP TEXHHUECKHX
nayk 1. M. Bapsak u KaHauzaT TexHuyeckux Hayk JI. H. JlarnoBruxwii.
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Teso NJIOTHHBI HMMeeT KpuBoJuHeiHoe orBepctde. KoHTyp orBepcTHa —
3aMKHyTasi KpUBasi IUIOCKOCTH Z = X - iy = re’’, KoTopasi MOXKeT OblTb OTO-
GpakeHa Ha OKDYXKHOCTb eIUHHYHOTO pajuyca IIOCKOCTH {=xi-|-iy1=ge*’
npu TOMOIH NPeoGpa3oBaHUs

’

. m
z=w(é)=R(§+?), )
me R ¥ m — TIIOJOMXKUTeJbHble  (IeHCTBHTEJbHbIE)  IOCTOSHHbBIE;
n=1, 2, 3,... Oyukuus o (;) maer KoHpOpMHOEe oTOOpaKeHHe OCACTH

MJIOCKOCTH 2, PacloJiOXKEeHHOH BHE OTBEPCTHS, Ha BHELIHOCTb KPYyra eIHHHY-
HOTO pafnyca IUIOCKOCTU &.

It Toro 4yrofnl oroGpaxaiouias QyHKUHs (2) ycraHaBJIuBaJga B3aHMHO
ONHO3HAYHOEe COOTBETCTBHE ToUeK ofeuX oOJacTed, BKJAOYAss M KOHTYPHI,
Heo6XOAHMO, UTOGbL B IJIOCKOCTH { BHE KPyra eNMHHYHOTO pajMyca H Ha
KOHType ero mpousBogHas (ynkuud o ({) He obpaiajgack 6bl B HyJb. ITO
TpeGoBaHue * yroBJAETBOpsIETCS MPH

mn <1. (3)

Bribupasi onpelesieHHble 3HAYeHUs] ITapaMeTpoB R, n H m, IOIYYHM
BOBMOKHOCTh HCCJIEJOBATh OTBEPCTHS PasinyHol koHpurypauun. Tak, n=1
COOTBETCTBYET OTBEPCTHIO B (POpME 3JUIMTICA, OTHOLIEHHE TIOJYOCEH KOTOpOro
onperessercss BeJquuuHod m 3 ¢opMysnl (2); mpu m =0 OTBepCTHE HMEET
¢opmy KpyTa.

Ilpy n =2 uMeeM cjydadl OTBEPCTHS, OrPAHHYEHHOTNO PABHOCTOPOHHHM
KPUBOJIMHEHHBIM TPeyrOJIbHHKOM, OfHA M3 BEPUIMH KOTOPOro JIEXHT Ha
OCH X C TIOJIOKUTEJIbHOU CTOPOHHL.

ITpu sHaueHun n = 3 yHxuus (2) paer orofpaxkeHHe KOHTypa B BHIe
KPUBOVIHHEHHOTO KBaApaTa € LEHTPOM B HayaJje KOOPJHHAT W C BEPIIHHAMH,
JeXalUMH Ha KOOPAHHATHBIX OCHAX.

B xumure npod. I'. H. CaBuna ,,KowneHTpauus HalpsiKeHHd OKOJIO
oTBepcTHi® paspabotaH 3hQeKTHBHBIA TPHOIHMKEHHBIE MeTON OTOOpackeHHus
BHEUIHOCTH IIOYTH JIIOGOIO MHOTOYIOJBHOTO OTBEPCTHS Ha BHYTPEHHOCTH €JH-
HHYHOTO Kpyra. DTOT MeToJ, IIO3BOJISIET YYMTbiBaTh GaJaHHbIE PaMycChl
3aKpYIJIeHHss B YIJaX OTBepCTHH.

CunTast OTBEPCTHE MaJbiM H JOCTATOYHO YyIaJeHHbIM OT KOHTypa Iapa-
6OJIHUECKOro KJIWHA, GylIeM pellaTh 3a1auy NPHOIHKEHHO, HyTeM HaJIOKEeHHS
IBYX HaTpSKeHHbIX COCTOSHHH:

1) manpsixenroro cocrostHust (ok, OL, T,y) B CIUIOUIHOM TeJe, OrpaHH-
YeHHOM napa6o/ioi W HaxojsmuMmcsi (puc. 2) mox AEHCTBHEM MPUJIOXKeH-
HEIX K HeMy BHeWIHHX cHJ (310 cocrosHue, ciaexys . H. Gasuny, Gynem
Ha3LBaTh OCHOBHBI'M) H

2) HANPSKEHHOIO COCTOSHHUSA (0";, og}, rg’o) B HEOTDaHUYEHHOH ILIO-
cKocTH, ocaabuenHoll omBepctueM (puc. 3), MpH AeHCTBHH HA KOHTYD 3TOrO
OTBEPCTHS] HAMPSKEHHH (KacaTeJbHOTO M HOPMAJIBHOTO K Kpaio), PaBHBIX
N0 BEJMUHHE, HO TMPOTHBOTIOJNOXKHLIX 110 3HAKY HANDPSXKEHHSIM, COOTBETCTBYIO-
IIHAM HalpsKEeHHOMY cocTosiHuio 1. (DT0 HanpsiKeHHOe COCTOsHHE OyIeM
Ha3bBaThb MOMNOJHHUTEJbHB M)

B Taxom ciyuae BbIpaxKeHHsS

=gl4gll =gl I1. — 4l 11
% e+ e’ % Ue+ae’ p 1ee+190 @
OyAyT NPHOIHKEHHBIM pelleHHeM paccMaTpHBaeMOH 3aJayu.

Hekoropoe uckakeHHe HAIIPSKEHHOTO COCTOSIHHSI MBI TIOJIyYHM H@ BHEIU-
HEM KOHTYpe NapaGoJibl, IJle HanpsuKeHHs He Oy[yT TOYHO PaBHBl 3aJaHHBIM.

* Cum. [71
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OnHaKo, yuyuThIBasi, YTO BO3MYVIIEHHE, BHOCHMOE B CHJIOBOE YIpyroe mnoJje
YCTPOACTBOM OTBEPCTHsi, HOCUT MECTHBIH Xapakrep M UTO paaMep OTBEPCTHS
B HECKOJIBKO pa3 MeHbIe pACCTOSHHS [0 BHEIIHero KOHTypa KJIHHQ,
MOKHO CYHTaTh TaKOe pellleHHe YIOBJIETBOPHTEJIbHBIM.

2. OCHOBHOE HaNpPSXEHHOE COCTOSIHME B CIJIOUIHOM MapaGoJHYecKOM KJHHE

B rpaBHTalMOHHOM TIOTHHE Harpyska OT CoOCTBeHHOro Beca OGouee
onacHa [ HanpsXKeHHH OKOJIO OTBEPCTHH, 4eM OJHOBPeMEHHOE IeHCTBHE
6GOKOBOH T'HAPOCTATHYECKOH HarpysKH M COOCTBEHHOIO Beca.

g

Y

Pnc. 2,

PaccMOTpEM CIUIOLIHOE TeJIO, OrpaHHuYeHHOe NapaboJol (puc. 2)

§=ay? (5)
H Haxojsuleecsl Mol JAefcTBHEM COOCTBEHHOIO Beca
X=y, ¥=0,

rae y — BecoBas ILIOTHOCTD.
YpaBHeHHS TEODHH YIPYrOCTH JJIsi paccMaTpHBaemofl siech 3ajayH

6ynyr:

dot 07 ot oo
§ én = 0: én n
ET o T 0; % T o 0 (6)
C KOHTYDHBIMH YCJIOBHSIMH
al=0, 2=0. 7)

1 1 I
Bripaxas ol u 7! uepe3 o}, o, U 7, MOAYYHM

oi—4ant}, +4atdl

b

ol =
n

4ak+1 ®
g 2a (ol —of)n+t1,, (4af—1)
n 4az+1
7
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Pemenne ypabnennii (6) GymeM HckaTb B BHIE
oi=A+B5+Cn; a,=A4,+Bs+Cn; 7, = A3+ B§+Cym. )

Kosgpduuuentn A, B, C; Ay, By, Ci; Az, By, C; HafineM, NoACTaBjsAs Bbipa-
xeHuss (9) B ypaBHeHHs (6) M MCTIONIb3Yysl TP STOM TIPAHUUHBIE YCJOBHS
(7) u saBucumoctn (8).

B pesyabraTe nosyuum *

2 e v, , 7
q=—37 ol=—L; =Ty (10)
rae @ — mapaMmeTrp, BXOJAUIHK B ypaBHeHHe (D) KOHTYpa mapaboHuecKoro

KJIHHa,
3. J_J,OIIOJ'IHHTeJleOG HanpaXeHHOEe COCTOSIHHE

BTopo#i sran pelleHHss paccMaTpHBAaeMOH 3aJayd 3aKJIOUAETCS B OIpe-
ACJICHHH HalpsokeHHH B GECKOHEYHOH IIJIOCKOCTH, OCJaalJeHHOH OTBepCTHEM
(puc. 3), XK KOHTYpY KOTOPOIO NPHJIOMKEHbI HAIPSXKEHHs, HalIeHHbe 0
¢opmysaam (10), HO B3fTBIE C TIPOTHBOIIOJOXKHBIM BHAKOM.

Puc. 3.

Caenys H. WM. MycxelumBunu, MOXHO pellleHHe TOCTIeIHeH 3afaqH
CBECTH K ONpeNeJICHHIO JBYX GYHKIMH KOMINIGKCHOTO TmHepemeHHoro @ (f)
H ¢({) DpH clenyoluX YCJOBUSAX Ha KOHType HccjeLyeMod obuiacTH:

1 ot S ,
PO+ [ g - ¥ OF PO =11 Fif
(n
e .
%n;g?m -9 ()t yY()=rf1—ifs.

3meck yureHa ¢yHkuusi (2), mpeobpasyiouiasi €IUHHYHBIN KDPYT MJIOCKOCTH
B HOCJEIYEMYIO O0JacTh IJIOCKOCTH 2.

Ha kourtype enunmunoro xpyra (=e%=o. Qynkuun f, u fp oOmpe-
JeJISIIOTCST 3aflaHHBIME BHEUTHUMH Hanpsxkenusimu X, u Y, NeACTBYIOLIHMH
#a KOHTYpP OTBEpCTHSl, @ HMEHHO:

@ (0)+"

Fiify=i f (X, +iY,)ds. (12)
0

* Cm. [81
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B ciyuae HeorpaHHYeHHOH 06JaCTH C OTBEPCTHEM M NPH OTCYTCTBHH Ha-
npsokeHudl Ha GeckoHeuHocTH ¢yHKIuH @ (§) H ¢ ({) clenyer onperessTbh
no dopmysam *

»

10)=— it i), (13)
._‘Y

V&)= s ), (14)

rae
1 fi+if3)d
%(C):—% g—a_l_—;-)—cy
v (15)
| Y Am
(@)= g [LELE T 50 ),

Y

oL spe , X+iY X—iY o*+m
f;+lf:_f1+lf2+—2;—ln0'+ 2n(1+x)‘ 1=mo? (16)

Bhllle MpUHATHE CleAyiole o003HaAUeHHS:

X u Y — cocraB/isioliye rJaBHOTO BeKTOpPa BHEUIHHX CHJ, ACHCTBY-
IOIMX HAa KOHTYP OTBEPCTHS,

#=3—4y — B ciayuae NJOCKOH medopMauuH H

A

v — koaddunuent Ilyaccona.

PaccmoTpuM Noapo6Hee Cayyail 3JJIHITHYECKOro OTBepcTHs ** (puc. 3)
¢ uentpom B Touke O (&, mo).

BribepeM HoBYIO cucTeMy koopauHat xOy.

Orobpaxarouias ¢yHkuua (2) npu n =1 ynpollaercs u NPHHAMAeT BHJ

z=w(‘§)=R(§+ %) .

— B CJy4dae IVIOCKOro HalpsKEHHOro COCTOsHHA,

HanoMmHEM, 4TO 2= X + iy = re’’ — KOMIUIeKCHOE N€peMEHHOe B 00JacTH,
3aHATOH HCCJIELYEMBbIM TEJOM, @ {— KOMIJIEKCHOE TIepeMeHHOe Ha TWIOCKOCTH
§=x, + iy, = ge®.

VYpaBrenue 3Jjunca Gynet

x? y2

B +m TR —mp ! a7
HJM B NapameTpuyecKoil ¢opme:
x=R(1+m) cos 6, y=R(1—m)sin6. (18)

OG6o3nauasi uepes Qo ¥ by GOJNBIIYIO H MaJyl0 MOJYOCH OTBEPCTHS, HMECM

_atb _ % — b
— T2 M7 +b, (19)

R

* Cm. [4]
** ClefyeT MMeTb B BHAY, YTO BEpPXHAS 4acTb NATepHbl ILIOTHHbI XOPOUIO aNpPOKCH-
MHpyeTCs 9JIJTHIICOM.
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3amuuieM Tak:Ke CJIeRYIOUHe BCIIOMOTATeJAbHBIE 3aBHCHMGCTH:

s bix (1—m)coso
c — p=] Y
Vaiy*+bix*  V1—2m cos 26+ m?
in 9= ¥ (+m)sing (20
I/zazy‘a“_l.bg}i 1/1 —2m cos 20+ m*’
1+
tgd = 1= tgo.

YuuThiBas, 4YTO Hayamo KOODAMHAT nepeneceHo B Touky O (o, 7o),
T. €, YTO

x=E—8;  y=n—m, (1)

a TaKXe CBA3b MeXIy HalupsKeHUsIMH B !KIPH?BOJI‘HHGI‘/’IHI:IX H JeKapTOBBIX
KOOpAHHATaAX, TOIYYHM CIISIyIOI e BbIpa*KeHUsd JJIs1 Havnpﬂ}KCHHﬁ Ha KOH-
Type NPEAIIOJaraeMoro AJJHITHYSCKOTO OTBEPCTUSA OT JeACTBHSA CcoBCTReH-
HOro Beca:

ol = §7§0 — gyR(l—Fm) cos 6;
—_ 7.
o;_ 6a’ (22)

== é"?”?o — —é 7R (1—m) sin 6.
Bexrop nHanpsikenuit X, ~+ iY, Ha KOHType 3JIHICA HAXOLUM IO bopmynam
Xp=o0! cos 9+ le sin Y,=1 cos 3+0; sin 9. (23)
Hcrmonbsys Beipaxenus: (20), momyunm
_ ot (1—m) cos (H-ziy(l +m) sin 6 )
/1 —2m cos 26+ m? ’

n

. (24)
Y = 7., (1—m) cos 6+o, (1+m)sin 6
" V1—2m cos 26+ m?
Haiinem oynkumno f,-+if,, nonesysce dopmynamu (24)
. 0. (1—m) cos 6+7L (1+m)sin 6
Fitifs=i f v +
/ V1—2m cos 260+ m?®
2t (1—m) cos 8+01 (1 +m) sin 0
+ i ! A h) ds. (25)
V1—2m cos 20+ m?

Ipeo6Gpasyem wmHuTerpan (25); mis 3toro paccMOTpUM (yHKIMIO, oToGpa-
JKAWIIYI0 OKPYXKHOCTh Ha 3JLJIHIIC,

z=w(§)=R(§+ %) (26)

Ha koutype snaumnca

ds:]dz,:R’l_g .da

&)= Ri¢=mlds = B—m)(~iF), @)

rae oc=¢gi,

1c
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[MogctaBum sHaueHwe ds B MHTerpasa (25)

f1+if2=Rf{og(1—m) cos 0+l (1+m)sin 6 +

+ i[d, (1—m) cos 60} (1+m) sin 6]} % . (28)
Bocnosb3oBaBiuuce, paiee, dopmynamu (22), noayuum

fotify = %f{[—Q&o——QR(l-E-m) cos 6](1—m) cos 6 +

+ [~ 5o—R (1— m) sin 6] (1 -+ m) sin e}d?" + 29)

+ z%lf{h vo— R(1—m) sin 6] (1—m) cos 6 — ‘;’" sine}%a.
[ocne mpeoGpasoBanr i umeeM
f1+if2=R%f{—2§o(1—m) cos 8—2R(1—m?) cos?d —
— 1o (1+m) sin 6— R (1 —m?)sin® 6 + (30)
+ i{—?]o (1—m) cos 6—R(1—m?*sinb cos 6 — 516(1 +m) sin GJ } d_:,

,E[a.;»xe, BOCIIOJIB30BABIIHNCH BCIIOMOTATCJIBHBIMH COOTHOIICHUAMH

1 1 1/ 1
cos0=§<a+;>; sin0cose=4—i(02—gg);
1/ 1 1 1
sin0=-ﬂ(\6-—g>; sinzo=—z<az+5—2); (31)
20—1 2+l+2>. 0=ei9
[013) =2 4 o2 H ’
nojaydaeM
. 1, R(1—md(e* 1
f1+zf2=R§{—§o(1—m) (a— ;) - —’2‘_(5“2—0:*’21’“’) -
B 1 1 R(l—m?) (e 1
n,(1+m)2—l,(\a+;)+—4—-<§—ﬁ—21no)+
[Tl 1) _Bomye 1)
+‘[ 2 (" P 4 2+202)
1 1 1
—%(1+m)2—i<u+ E)J}+C,
HJIH
, y 1+m in,(1—m) 1+m
f1+lf2=R§{o-|:__§0(1_m)_7]0(2i )__ /0(2 - +
1 70 (1-+m ine (1—m) 1
+E[§o(1—m)-— T )} g — g5 (1tm)| +
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_R(1—m?*  R(1—m R(1—m)?
+ o e Btk J+
1 R(1—m? R R(l—m?
+F[ 3 )“"g(l_m”)“ (8 )}"'
—_ 2
+Ino —R(l—mz)—R—(lz—”’—)J+c.
OKOHY aTeIbHO:

. 1 ’
f1+lfx=R%‘{b'c'+c';+e'02+ k %"FA']HO}‘*‘C,

rae
b=RLa’ = [—§o(1“m)—'1j;—am+ﬂomz‘}%1};
c=R§c' = [Eo(l—m)—lj“am +1701'J?%2;
e=R§e' =— %@z[l—m’—(l—m)’l = %m(m—l);

_dz 1_7R2 —_—S J— -},Ri —_— .
k=Fk =" 1—m'~(1—m)] = 75 m(1—m)

= Z '—_l 2(1 — m?
A R3A_ 2;fR(l m?),

Sanumem ¢yskumo f,+if, B HOBBIX OGO3HAUCHHAX
, 1 1
f1+'1f2=bo+c; + eo® k;—, + Alno+C.

CocraBuM ¢ynkuuio *

o $f0 = ] A 0'2+m
fitify (f1+lfz)+Alna+(l_+x).l_*mog
HJIH )

A o2+ m
1+x 1—md*"

s L0 1 1
IFifi=—bo—c—eot—k—; +

(32)

(33)

(34)

(3%)

(36}

Haiinem, namee, raBHbIi BeKTOp HATMpSIKCHHH, BOSHHKAIONMX HA KOH-
Type INpEeInoJaraeéMoro 3JWIHITHYECKOTO OTBEPCTHSI B  MapaGoiHYecKoM

KJHHE (pHC. 3) NOM BJMSHHEM COGCTBEHHOTO ReCa.
X+iY = —i[f+ify I = 55 (X,+iY)ds;

X+iY =—i(2nid)=2n4=—nyR*(1 —m?2);
X=2r4 u Y=0.

@7

* B npasoit uactn (35) nmepem fi4-ifs mocraBren 3Hak MHHYC, TaK Kak JJsi TOTO,
YTOGH OCBOGOIAHTb KOHTYP OTBEPCTHS OT BHEUIHHX HalpsiXKeHHA, HeOOXOMHMO IIPHJIOKHTH
K 3TOMY KOHTYPY yCHJHA, ompelessieMble ¢opMysaaM# (34), HO NPOTHBONOJOKHO Hanpa-

BJIEHHHIE.
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Iloabsysacey dopMyaamu (15), naigem %(C) H ¥, (0)
k
Po (O g ;z ’

A 1+82m  Am 1

wo(g)“[ 3 §s+(1+n) {2 —m 1+% 552"‘ {§z+ } (38)

[lepennmem (38) B mepBOHauaNbHBLIX OGO3HAUCHHSIX.

1+ 2
@ (§)= z[ §o(1—m)+—4‘aLn— or? 7R m(1— m);a’
1 +
tpo(g“)——{fo(l m)+ —— +zﬂom}3R yl;m(l m)gs (39)

_ R (1—m? . 1+8%m I1+ml*(e 2k
2(1+»  (2—m _';C’—m {—— _C?}
Hckomble QyHKUMH @ ¥ ¢ Ha ocHoBanuu dopmyn (13), (14), (38) u (39)
MOXHO 3allHCaTb B BHIE

_ R} (1—m?)

R m+1 1
A R T ]

1§+7 & (m—1)+ T —igy | 5 —

v B2 1
—T2~m(1~m)§; (40)
REI._. 2
p)=— L0 mx 2((l+f)”"ln§+%{[zo(l m+ 7L
1, (0=mEB 1 3RA—m)(l +m)

T4 2(1+%) C*—m) }_

+ lﬂom:l *

Tt
yR 1+m§ 1+m I-m)R 1
Vet (a0 m T | e OB L,

BBons coxpaiiennsie 0603HaueHHS
_YR(1—m?) 7R 1+ m

14+ m

=3 &m0 2o (a1)

H S=3,

_mQQ—m)yR*
T= — 6 i

noviyyaeMm
p@)=GIn 5—(H+iS)l _ I_Tl
& 27

w@=—mmﬂ—@—M&é+éﬂ%— (42)

1+my? o ] 1
~ Py |G ETIS) F 4 T
13
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HJast ompeneseHHs HaNpsKeHHR B JOTIOJNHHTEJNBHOM COCTOSHHHM O6paTHMCH
K gopmyaam H. M. Mycxenuiusuin

oll+oll=4Re[D(0)];

Aoy = e (@ C) O O+ O FO, (43)
e
o0 =T we =2
G G E Ea
Muddepenuupyss (42), moayusm
¢’ €)= GZ«+(H+IS)éz 1 :k=,2,3Ak%;

1
1 , 1 1,1
w’(C)z—GxE-{- (Q—st)ﬁ_n_lT_“ +

(44)
1+m§ 2(m®+ 1)¢ 1 1
+ = G (H+i S)u2+2TZ3J+W G+(H+IS)Z +Té—z =
1 1 1 1 1
= 2 Bt Y Boatm—on —E
=23 F{8 E—m k:éj2,3 A (S m)zkz—zl,‘o,l Ce ¢t
rae
E,=—xG; B=Q—imS,  E=—_;
B, =H+iS; B;=2T;

C_i=2G@ (m?*+1); C;=2(m?+1)(H+iS);

C.=2(1+m?»T.
®opma mnpenacrasnenuns ¢ (L) u ¥ (L) B Bume (44) okasarach BecbMa
yI0GHOH B CBfI3H C AaJbHEALIAMH JIOBOJIBHO TPYIOEMKHMH BBIKJaAKaMH *.

Tak, komnyexcumoit komOunanuu (43) HanpskeHuH ypajJoch TIPHIATH KOM-
NaKTHYIO GopMy

oll—oll+ 201k = K, + Ky, (46)
rue
y§*+m 20397 (£) '
i s SO E
3
— _j 2 Ak(m294—kei (=R — g8—kg—ikl) + (47)
R4 =,
+ Rld /—4 (2 k) Y (94 ke_"‘°+m92“" ei(2—h 9)

* Buiknaaxu npoussoamau B. S Murasunckuit u I A, DpeuGypr.
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202 '
= % { S‘ [o7*E, (0%6' >~ 0 — me—it0) + o~k B e—ik0] 4+ (48)
k=1

T | |
tBt g Y geleeemns - me—"‘ﬁ]},

k=—1,0,
rae

4=m*—2mg* cos 20+ ¢4 (49)

4. Pacuernbie ¢opMyanl AAs HanpsKeHWUI

Ha ocHoBanun Qopmysm (43), (44), (46) u asHaueHuit (42) dynxuui
®() u () cocraBiensl GOPMYJBl st HampsKeHHWH B OeCKOHeuHOH IJIO-
CKOCTH C SJUIHTITUMECKHUM OTBepcTHeM L (pHuc. 3), K KOHTYPY KOTOPOTO HpH-
JIOK€Hbl BHEIIHHE YCHJIHS, PaBHbIE 110 BEJHYHHE, HO MPOTHBONOJOXKHBE IO
3HaKy HaNpsKEHHSM, BOSHHKAIOUIUM B TOYKAX TOMO KOHTypa B HapaGoJH-
YeCKOM KJIHHe OT NeHCTBHS COOCTBEHHOro Beca.

K atnM nampskenusM caenyer 106aBHTb COCTABAAIOLIHE HAMpsKe-
HHH o(‘), oy H 7, Kaxue OyAyT HalileHbl u3 (22) Ha ocHOBaHHH (HOPMYJ
npeoOpa3oBaHus

ol 4ol = gl4-gl.
9+ 8 ax—i—ay,

1 G197 = (gl — gl 49771 \ 28
o a?+21'509 (ay ax+21rxy)e R
S0’ (Y)
e*’ ({)
Onyckasi 1I04POGHDBIE BHIKJTALKH, TPHBOLUM OKOHYATEJbHbIE PacyeTHble (op-

MyJIbl IJ1 Ha‘ﬂ'pH}KEHHﬁ B JOCKOM ‘na.paﬁo.nnueOKOM KJIHHE C MaJblM 3JWIH-
NTHUECKHM OTBEDCTHUEM IIPH IeHCcTBHH COGCTBEHHONO Beca:

rie e%f =

1 m
ogto,=— g— % + 2§, 2R(Q+ ?) cos 9} +
4
+ g%{_mﬂo’*' [Gog(g’—m)—m?To]cos0+ (50)
“+ Hyg? cos 26+ Top cos 36+ g1, sin 29} :
2y 2m?  m?®
ae—ge= ggii{_ mKo+R (93"2111@ — —5‘ + Ef) cos 6 -+
K, m? m m? ~
+y 0%+ Q—,) cos 20-+mR <9+ o) o8 30+m, | o*— o sin 20} +
@t mi e+ | a0 Ggt -+ (2m— 1) 1t
+m(2+1)Gyo — %To] cos 6+ (Hy—mG,) cos 26 + (g ——9) Tocos 36+ (b1

+ e (m*+1) sin 20} + 3%72 {—m(m2+1) Ho*+[m(m—1—m?) Too—
— (m?+1) (m—?) Go0*— Goo™] cos 0+ H,0* [m*+(m2+1) 02— g*] cos 20+
+¢* [m*Gy+(m*+1) To—To0?] cos 30—

— 11,0 [m*— (m*+1) ¢*+¢*] sin26 };
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¢
£(92-—Ig—>sm26+mR<g— —é>sm30 |02+ 2)cosQ@

2 1 3
= %{Qmm+3 (93 + 2mo—2m*  ~ ”ia) sin 6+

2
{[— (1+x) Goo®— (2m— l) o+ m(1—x)Gyo + mT ] gin 6—
— (Hy— m®,) sin 26 + (9— %) T,sin 30+ 7, (m*+1) cos 20} + 52)

34,{ m(m2+1)ne*+o[m(m*+m+1) T,—(m?*+1) (m+e*) G,*+

+ G,0°) sin 6-+ Hyo* [m*—(mm?+1) ¢*+0*] sin 26 +
+ [m*Go—(m*+1) Ty +T00*] ¢° sin 36740 [m2—o* +(m*+1) ¢?] cos 26},

rae o
A=m?*—2mg* cos 20+ ¢*; G,= 3((— ))R
1 1+
Ky=28— 5 Hy=5&1-m)— =%  (53)
1— 1+
T,= ﬂQ—m)R; Q=% (m—1)— 4am'

[Movoxus B (50) u (51) o=1, moayunm dopMyay Mis HampsKEHHH
HA KOHTYPE® 3JIHITHYECKOTO OTBEpPCTHS

A R
00—3{[ o — % zR(1+m)coso]f

44 [ mH,+(G,—mG,—mT,) cos 6-+H, cos 26-+T, cos 367, sin 20]} , (64)
1

rae 4,=m®—2m cos 26+1.

Haiinennoe Bblllle pelleHHe AacT BO3MOMXHOCTb JIeTKO MOJYYHTb (op-
MyJbl LI HanpsikeHUH B NapaboJHYecKOM KJHHE, OcJalJIeHHOM KDPYTOBbIM
OTBepCTHEM paauyca R.

ITonoxuB B (50)—(52) m =0, noayyum

ag={<§o —)[(— —1] 2[—40 914__‘_3:-%—?—:—:(%)813c0s0+

+ 17[0 sin 20——(%1 —§°) cos 20] [—1+4(%)’ —3(%)4]}%; (55)
o (o ) 2 3 e
_ [ (%z —)_so) cos 20 —17, sin 20] [3(%)4"'1]}%; (56)

3—3x R 5—=x(R\?
’eo={§[2§+m';~m(z)

- [ (4la —?_so) sin 26+ 7, cos 20] [1+2 (%)2——3 (%—)4] }% (57)
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Ha xoutype wpyrosoro otBepcTdsi (o= R) OKpPYXHbE HODMaJibHbE
HaNpPSIKEHHA CJefyeT onpelessaTh no QopMyJe

("o)g=za:{— (~o+ ) + 2;12 cos 6+

x+1
[ (go ) cos 20+, sin 29] }3 (58)
[Tonoxus B (58) 6= § ,  HallleM MakCHUMaJIbHYIO BEJHUHHY HalpsKeHHs
0y B TOYKE NEPeceueHHsi TOPH3OHTAJBHON OCH ¢ KOHTYPOM OTBEPCTHS
2 1
(O8)max =— 3 507 (3— ?oa) : (59)

Oxkpy:KHOEe HOpMaJIbHOE HaMpsiKeHHe CIIOIIHOrO KJKWHA B TOH »Ke TOuKe

((,:R; 0= %) TodTyyuM u3 (56)

()=~ 25, (60)

CrnenoBaTesbHO, KO3((ULUHEHT KOHUEHTPALMH HANpsiKeHHH B 3TOH TOuKe
paBeH

(09) nax 1
o) 27 Ea

OH 3aBHCHT OT TIOJIOXKEHUSI OTBEPCTHS OTHOCHTENILHO BepuiuHbl O (puc. 2)
H OT TlapaMeTpa &, BXOXsulero B ypaBHeHHe (1) mapaboJibl, OrpaHHYHBAIO-
Hled paccMaTpuBaeMblif KJIHH.

Oxpy:KHoe HOPMaJbHOE HaNpsKEHHE Ha KOHTYDE KPYFJIOrOo OTBEPCTHS
B TOMKE ¢ KoopAuHaTamu ¢ = R, # =10 paBHO

/ 4 2
(0g)°=— 6}—0&[3_45 ((3_1)) R], (62)

(61)

AJad 6eToHa npH V=% OHO paBHO
(99)' = — ¢ [3— 4a (£, +0,1R)]. (63)

Tak xak corsacHo (56) uau (20) B CIJIOIIHOM KJHHE B TOH e TOYKe

TO KO3((HLHEHT KOHIEHTPALMH HANpPSXKeHUH B 3TOH TOYKe paBeH

(00)°

oy, = B—4a(6,+01R)) (65)

5. Mpumep pacuera

PaccmorpuM BapHaHT IUIOTHHBEIL, HMeouledl npodusab, MOKasdaHHBIH Ha
puc. | TMyHKTHpHOH JHHHeH.

CrniowrHolt uHKedl HaneceHa napabosa ¢ = 0,05592, napamerp a = 0,055
KOTOpOH NofoOpaH Tak, YToObl MOJMYyMUTb HauboJibillee NpHOMKEHHe K 3a-

253, 17
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JaHHOMY IIPOQUJI0 TJOTHHB B BepxHeA ero wuacTd. Panmumyc orBepctus
R = 1,25 m, xoopaunatel ero uenrpa (puc. 4) & =75 M; no=0; oOBeMm-

. 1
Holil Bec GeroHa y = 2,4 m/m3;, koadpduuuent Ilyaccona y = G-
D

%
727>
A, 2
o
N
N
3
N\ S
| e I N
1 p@@wm@,@uﬂ; N
- [ H Do
.‘H!;i@\‘;llllv -
Lo i 2
7/ A’” J/” 4/” j,’/( 6/// 7/// 8/// ‘9/(/ /(//// ﬁ 2‘
Al 7‘27/‘0,0[0//»73
%_..:..
Set
4;/%'—1
AR
A
6'hed—
<l
7
Q
1 £
DY x
Puc. 4.
()5
. 5-{# »
[
=il
| .
* N
‘ S
6-f
8\ ¥
=
<5
34”;
o 7]
o
L‘S e\ 2400 /4"
= 8
cATk >
»
Puc. 5.

ITo ¢opmymam (10), (19) u (20) BbluMCJEHH! COCTABJSIOLIME HaNps-

o T
KeHHil 0y, 0, M 7;, B CEYCHUsAX 8=0; 6 = ) K 6=n CIUIOIDHOrO Ilapa-

&
s

Gonryeckoro KanHa. OHH HaHeceHbl TMyHKTHpPHOH JmHUelt Ha puc. 4, 5 u 6.
Hanpsixkennss B napaGoH4yecKoM KJHHE, OCIaGJeHHOM KDYrOBbIM OTBep-
crieM paguyca R = 1,25 x onpeneners no Qopmyiaam (55)— (57). Kpusbie
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HanpsiKeHUd o o, H 7, HaHeCEHDBI HA TeX ke urypax CI/IOWHOH JuHuel.

OpauHaTel KpHBBIX TIoMelleHbl B Ta6m. 1, 2 u 3.

=90°

28 727/M><
O~ 50

\
 1004ym?

=

Puc. 7.

OkpyxHble HOpMaJbHBle HANpSKeHHst oy Ha KOHType OTBepCTHA o = R
BbIYHC/IEHB! 110 Gopmyne (58). Halfimenuble BeJHUHMHEI MOMelleHbl B TaGa1. 4.
Omopa 0y B TOYKAX KOHTYpPa OTBEPCTHS BEIMePYEHA HA PHC. 7.

I'panuynbie ycloBHS Ha KOHTYpe IJIOTHHEI HE BIIOJHE YHOBAETBOPSIOTCH.
Tak, B Touke A (puc. 5) nanpsxeHus 0,= 0,14 m/#* a B Touke B HOp-
MaJibHble HaNpsikeHust o, = — 0,8m/u?, a He paBubl Hymo. OaHako 3TH

BEJIMUHHBI MaJIBl 10 CPaBHEHHIO ¢ HAMPSXKEHHSIMH B TeJie TUIOTHHBI BOKpYT
OTBePCTHS.
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TaGauuna 1

Touxu

0
(%)

B CrOUIHOM KiaHHE

[IpH HaJAHYHH OTBEPCTHA

T,

@ | ey | e | s | e | iy
17 1,25 —17,272 —14,000 0,000 —10,040 0,000 0,000
i 2,25 —17,272 —15,600 0,000 — 9,856 - 9,120 0,000
3”7 | 3,25 —-17,272 —17,200 0,000 — 8,760 —13,632 0,000
4" | 4,25 -7,272 —18,800 0,000 — 8,224 —16,512 | 0,000
5” | 5,25 —7,272 —20,40 0,000 — 7,936 —18,784 0,000
6" | 6,25 —7,272 —22,00 0,000 — 7,776 - 20,760 0,000
77 | 71,50 —17,272 —24,00 0,000 — 7,632 —23,080 0,000
Ta6auna 2
HanpsixkeHHsl B CeYEHHH =g
B cnnouiHoM kaHHe an HAaJHYHH OTBEPCTHA
Toukn (f,) % % 2 g % To9
(m/x*) (m/#%) (m/#°) (my#?) (m/#?) (m/#*)
17 1,25 —12,000 —7,28 1,000 —28,720 0,000 0,000
2 | 2,25 —12,000 —7,28 1,800 —15,664 -6,552 1,487
3" | 325 —12,000 —7,28 2,600 —13,584 —17,004 2,369
4 4,25 —12,000 —7,28 3,400 —12,888 —7,216 3,214
5" 5,25 —12,000 —7,28 4,200 —12,626 —7,248 4,052
6" 6,25 —12,000 --7,28 5,000 —12,392 —7,264 4,877
7" 7,25 —12,000 -7,28 5,800 —12,048 —7,271 5,694
8" 8,25 -12,000 —7,28 6,500 —12,039 —7,276 6,508
9" 9,25 —12,000 --7,28 7,400 —12,028 —-7,278 7,318
10” | 10,25 —12,000 -7,28 8,200 —12,013 —17,279 8,128
B |11,70 —12,000 —17,28 9,366 —12,005 —7,286 9,310
Ta6bauua 3
HanpsiskeHnsi B CEYEHHH 0 =7
B cniomwHoOM KJIHHE [TpH Ha/HYHH OTBEPCTHA
Touxu (f,) Y % % ¢ o, T
(m/x%) (m/x?) (m/#?) (m/ ") (m/#?) (m/n?)
1 1,25 —7,272 —10,000 0,000 —9,640 0,000 0,000
2 2,25 —17,272 — 8,400 0,000 —9,296 —4,432 0,000
3 3,25 —17,272 — 6,800 0,000 —-8,32'8 —5,000 0,000
4 4,25 —7,272 — 5,200 0,000 —7,688 —4,528 0,000
5 5,25 —17,272 — 3,600 0,000 —7,640 —3,120 0,000
6 6,25 —7,272 — 2,000 0,000 —7,552 —1,720 0,000
A | 75 —7,272 0,000 0,000 —7,448 0,135 0,000
20

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

Ta6baununma 4
OKpyXHble HOPMaJibHble HaNpsKeHH HAa KOHType OTBepCTHs

0 0° 18° 45° 75° 90° 105° 135° 165°, | 180°

ag(m/x?)| —10,04 |—11,312/—19,424|—27,488| —28,72 |—27,392/—19,136 | —10,928 | —9,64

6-/80°
i3651/m°

A== o-50°

—— 123937 /m* \<

19.25mym?
8

e

v

Puc. 8.

PaccmorpuM ciiyda#t ssasmntHueckoro orsepctus (puc. 8) ¢ GoJblUOif
NOJIyOChIO, paBHOR

2,5
9 _ 6,
a0—2—1,25M, IR EEY

bh—————

7

H MaJioil NOJyOChblO, paBHO#H
2,0
b,= ? = 1,0 u.

Takaa ¢opMa OTBEpPCTHS XOpOLIO aNpPOKCH-
MHDYET BEDXHIOIO CBOIO YacTb KOHTypa IaTepHbl
(puc. 1). PacnonoXuB UEHTP OTBEPCTHSI B TOYKE
C xoopauHataMu §o = 7,5 M, 5o =0, onperenum YRR TRYENE
no ¢opmyJse (54) BEJHYHHB OKPYKHBIX Hamps- G y¢
KEHHH Ha KOHType 3JUTHITHYECKOrO OTBEpPCTHS. .

PesyspraThl NpHBeJeHBl HAa pHC. 8, Tle AaHH Pue. 9.
BeJIMYMHbl HaHJEHHLIX HamnpsKeHHH.

Ananu3upys NoONyueHHble pe3YJbTaThl, CJe-

AyeT o0paTUTb BHMMAaHHE Ha OJHO CYLIECTBEHHOe 06CTosTeNbCTBO. B mapa-
GosuecKkoM OeCKOHEYHOM KJHHe, OCJla6JeHHOM KDPYrOBHIM OTBEPCTHEM, OT
LedCTBUS COOCTBEHHOrO BeCa He BO3HHKAIOT PAaCTATHBAIOIUIHE HATNpPSXKEHHS,
OMacHele IS COOPYXKeHHH M3 6eToHa. DTO CJAeAyeT H3 TOro, YTO 30HA KJIHHA,
OKpYyXaloillasg OTBePCTHe, HCNBITBIBAET CX aTHe B JBYX HalpaBJeHHSX
(puc. 9).

k)

X E R EEE
Q.
i
RN NN

RS
<

LR NN
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Ha s10 o6cTosiTeNnbCTBO He 00paTH/IM BHUMAHHS aBTODPbI, 3aHHMABILHECS
HCCJIeJOBAaHHEM KOHLEHTPAUMH HANpSKEHHH B TPEYToJbHOM KJIHHE C KPYro-
BbIM OTBEPCTHEM, Ije aHaJIOTHYHOe SIBJEHHE TaKxKe HMEET MECTO NIPH H3Be-
CTHBIX YCJIOBMSIX.

B sakmoyenne 3amMeTHM, 4TO BeJIHYHHBI MAKCHMAJbHBIX HanpsamKeHul o

Ha KOHTYpe OTBEpCTHS B DACCMOTPEHHOIl 3[ech 3ajaue MOXHO IOJYYHTh
npu0JiMKEHHO Ha OCHOBE MeTOJa, H3JI0XKEHHOro B JApYroi pa6oTe aBTOpd.
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B TpeyroJeHbX miaoruxax, Wssectus HVIUTL, 20, 1937.

4. H W Mycxeanmsuan HekoTophle OCHOBHHE 3ajayM MaTeMaTHYECKOH Teo-
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WHCTUTYT CTPOUTEJIbHOY MEXAHMKHW AKAJEMHWH HAYK YCCP
1953 CBOPHUK TPYIOB Ne 18

ONPEAEJIEHUE HANPSHKEHHM B MACCHBAX OT JEWCTBHSA
COBCTBEHHOI'O BECA C YHYETOM INOPAAKA HUX BO3BEAEHHS

3. H. Pawba

B crarbe paccMOTPeHO HaIpsSXKEHHOE COCTOSHHE MAacCHBHBIX COODYIXKeHMi noa Jefi-
CTBHEM HX COGCTBEHHOrO Beca C YYeTOM lopsiaka Bo3BeieHHs. Ha nprumepe nokasaHo,
4YTO OOBIYHBIA pacyeT, He YYHTLIBAIOUIMH MOpsSAKAa BO3BEIEHHS, MOXeT IPHBECTH K Cylle-
CTBEHHOH IIOTPELIHOCTH.

H ANpsA2KEHHOe COCTOAHHE H30TPOIIHOTO MacCCHBHOTO TeJid, HaAXOAALIETOCH
noJ, JdedcTBHeM coGCTBEHHOro Beca , OIIpEACJISIETCSl YPaBHCHHUSIMH DAaBHOBECHS

00, " 0Ty © g =0:
ox Jy 9g=\;
1)
ey | 0% _
ox oy =0
(ocb Ox HampaB/leHa BHH3) W YpaBHEHHEM COBMECTHOCTH aedopMalii
V(o +0,)=0 @)

npu coOJUONEHHH DDPAHUYHBIX YCJIOBHE (IUIOCKas 3ajnada).

B To Bpems Kak ypaBHeHHs1 (1) He CBA3aHBI C KaKMMH-JHOO crelyalb-
HBIMH TIPEIIOJIOXKEHUSIMH H SBJISIOTCS BecbMa OOIIMMH, BBIBOJ ypaBHeHHS
COBMECTHOCTH (2) mpemnoJaraer, 4To yIpyroe Tejo CQOPMHUPOBAJOChL IIPH
OTCYTCTBHM BHEIIHHX CHJ H Harpyskd ObM NpHioxkeHsl nmosxe. C apyrod
CTODOHBI, IIPH BO3BEIEHUH MAacCHBHBIX COOPYXKEHUH, B KOTOPBIX HaTPSKEHHS
OT JeHCcTBHSL COOGCTBEHHOTO Beca HMMEIOT CYLUeCTBEeHHOe 3HaueHHe, Bec KakK-
J0ro cJost coszaaeT aedopMauuH B YJAOXKEHHBIX paHee CJI0AX elle A0 TOro,
KaK HaJ HHM BO3BOJATCA CJeAyloline cJiod. IlosromMy ypaBHeHHEe COBMeCT-
HOCTH (2), BBIpaXKalolllee YCJOBHE COXPaHEHHsl CIVIOUIHOCTH YNDPYroro TeJja
HocJie NPUJIOKEHUS] HaIDY3KH, TepsieT CMbICJ, TIOCKOJAbKY B paccMaTpHBAeMbIX
3agayax GopMUpoBaHHe yIPYroro Teda MPOHCXOAHT B IIpoLecce HarpyXKeHHs
1 KOHGUTYpalysi ero MOCTOSHHO MEHSeTCH.

W3 ckazaHHOrO BHILE CJELYeT, YTO HalpAiKeHHOe COCTOsIHHE 3aBHCHT OT
NopALKa BO3BENEHHS] COODYXKeHHsl. HampsokeHHsT B KaXXAOM CJjoe [NOJY-
YaloTCAd CYMMHPOBaHHEM NEeHCTBHS BCEX CJIOEB, YJIOKEHHBIX IOCJ]e JaHHOIO;
HATIPSIKEHHOE COCTOSIHME, CO34aBaeMOe KaXKJIbIM HOBBIM <JIOEM, ILOJI2KHO
ornipenenaTbcs HpU TOH KOHOUTYpallMH, KOTODYIO HMEeT COODYXKEHHe Helo-
CPEICTBEHHO 10 BO3BEIEHHS 3TOrO cJost. Kak BUAHO H3 MPHBOIHMOTO HHXKe
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npuMepa, HalpsKeHHOe COCTOSAHHe, HalleHHOe TakHM OOpasoM, MOXKeT CyIie-
CTBEHHO OTJHYATBLCA OT ONpeJessieMoro cucremoll ypaBrenui (1) u (2).

' B xawecTBe mpHMepa pacCMOTDHM HaNpSXEHHOE COCTOsIHHE GecKoHeu-
HOTo KJdHa (puc. 1), BOBHHKaIOIlee OT JAelicTBHS coGCTBeHHOro Beca. Hamps-
XKeHHs B OeCKOHeUHOM KJIMHe OT JAeHCcTBUsS coGCTBeHHOTO Beca [l}, ymxoBdae-
TBODSAIOLME CHCTeMe ypaBHeHHH (1) u (2), onpepmeisiiorcs Tak:

_ cos @ cos #sin (§—a) 1 sin 2« sin 28
0x= gg[ sin’ (8 +«) x( 2 “sin® (B+a) )]
0, = ()ZI im(;_f_m p [y sin (3—a)+2x sin @ sin g]; 3)
og sin « sin §

T s fra) 0 008 cosFmxein(FTe)l

. n .
Korza a u f yBesqHYHBAIOTCH, CTPEMACH K 5 (catyya#t GOJIBLIAX YIVIOB,

BaXXHbIA NPH pacyeTe SeMJSHbIX MJIOTHH), HAUpPSXKeHHS 6, U 7,y OBICTPO
pacTyT u B mpefese obpanialorcs B G€CKOHEMHOCTb, BMECTO TOTO YTOGLI IpH-
HATb TpeflesibHble 3HAUEHHsl, COOTBETCTBYIOUIHE HATIPSXKEHUSIM B TAXeJOH
TOJIYTJIOCKOCTH.

o

y . 7

Ty

- -
( E"l} mmzz"%zmzzzm

x

Puc. 1. Puc. 2.

Hast Toro yTo6bl YHCJIEHHO CPAaBHUTb HalNpsiKeHHs, ONpeleJsieHHble H3
ypaBHeHu# (1) u (2), ¢ TeMu, KOTOpLIE MOJYYAOTCS, ©CJIH HCKJIOUHTD BJIMSA-
HHE CJIOeB, YJIOXKEHHBIX PaHblle NAHHOTO, PacCMOTPHM GecKOHEUHBIH KJHH

1
C YLIOM a=g (puc. 2), BO3BOAMMBII GECKOHEYHO TOHKHMH TOPH3CHTaJIb-

HbIMH CJIOSIMH.

Ha ypaBrennit (3) mpu o= 5 noayuaem:

IR

ox=—ogx; o,=0gtg f(y—2xtgp);

(4)
1y = —0gx tg .

[pu BeIMOJHeHHH pacyeTa MO TpelJlaTaeMOMy METOLY CJelyeT AelicTBhe
KaX@IQoro HOBOTO CJIOS 3aMeHHTb ‘DAaBHOMEPDHOH BEPTHKaJbHOH HarpyskoH
H TIPOM3BECTH HHTEIPHPOBAHHE IO BCEM BhILIEJEXKAIIUM CJOSM TIPU TepeMeH-
HOM TIpoduae oTKoca. EcaM Bmosb ropusoHtadbHOro pebpa OGeCKOHEYHOTO

T o .
KIHHA € YIJIOM o= 5 W BOPUIHHOH B TOuKe (¢, 7) npuoXkKeHa paBHOMEPHO
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pacrmpelleieHHass HOpMaAbHasi Harpyska ¢, TO BO3HHKalOIIUWe B HeM Hanpd-
xeHus1 pasHbl [1]:

et y=n) == L letg p+p—aretg I=] - L UL,

ctgﬂ+ﬂ+§
— =85 @y—m
o,(x—& y—n)=— 9 —[B—arctgy_ﬂ+ (f 3 — ,]; 5)
v tghtit x—& @8ty
Toy(X—§ y—n) =— g . _(x’—g)’— 3
y ctgﬂ+ﬂ+% (x—8)"+(y—n)

HHTerpupoBaHneM MO BhlIIeJIeKalllUM <CJIOSAM IOJYy4aeM HaTIpSXKeHHS
B8 TAXKeJIOM KIHH® C a=g— H -Be“pﬂlllﬂvHOﬁ B HauaJie KOOpIUHAT
.
o.(x, y)=eg f 0. (x—§ y—EtgB)ds (6)
0

H OCTaJbHble aHaJiorHyHo. B pesyJibTaTe HHTENDHPOBAHHA ITOJIYHAETCA
(3mecy r=Yx'+yp*)

. g

g =
x

———ﬂ{— [,3(1+2 sin® g cos® f)+cos® fctg 8 + %sin’ ﬂ] x+
ctgB+p+ 3

+ sin 8 cos ,B(Qﬂ cos’ 8+ 7—;) y+ 2cos*B(xtgf—p) lnfﬁf_’;!j +

)

X

+ cos B(x cos f+y sin f) arctg

o . . xcosf+ ysingy . y
2 sin B cos® B(x tg f—y) arctg cos Bx tg F—g) }, (7a)
o'= €9 ——;{— [ﬁ(l—Q sin® 8 cos® §) + sin 8 cos 8 +7218in’ ﬂ]x—
otg f+6+ 5

—sin g cosp(gﬂ cos® f— g) y+2sin® Bcos’f(xtg f—y)In x——tgf_y +

+ cos 3 (x cos 8+ y sin §) arc tg‘z +

+ 2 sin g cos® B (x tg 8—y) arc tg %‘% }; (76)
& = ———ﬂ——n{—-xcos’ g+2 sinﬁcos*”\ﬂ(x tgﬂ—y)lnxtg—ﬂ—y +
ctg f+6+ 5 r
. s A s _ x cos $+ysin
+ cos® g(cos® B—sin’ B) (xtg f—p) amtgcosﬁ(xtgﬂ—y) +8 } (78)

Ve KadecTBEHHOe HCCJIe/JOBaHYe 3aCTaBJIsieT NpeanodyecTb Gopmydssl (7)
cooTHolleHHAM (4). [lelcTBHTENbHO, HampsiKEHHs, ompelensieMbie To ¢op-
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MyJsaM (7), BCIOJY KOHEUHBI Ha NAHHOH IJyGHie X M NEePeXoAsT B hopMYyJIH

o T
AJiss TSI2KEeJIOU MMOJYIIJIOCKOCTH IIpH ‘8= Q_; py Yy — — OO KacaTejbHOe Ha-

Opsi?KeHHe z:y, onpenesenHoe no gopmyne (7B), obpaliaercs B HYJb.

Tabanua 1
_ i o, ’ _ "; oy . t:y Tay
8 ogx T ogx egx " ogx 0gx ~ ogx
@opg(.)(h) no gopm. (4)] @opﬁ?(?é) ‘no dop:1. (4) (popz?(ﬂz) no dopm. (4)
0° 1,000 1 0 0 0 0
57 0,867 1 0,c07 0,008 0,076 0,088
10° 0,741 1 0,023 0,031 0,131 0,176
15° 0,626 1 0,045 0,072 0,168 0,268
30° 0,340 1 0,113 0,333 0,196 0,577
45° 0,149 1 0,149 1,000 0,149 1,000
60° 0.045 1 0,136 3,000 0,078 1,732
75° 0,006 1 0,079 139 0,021 3,732
90° 0 1 0 oo 0 0o

B rtaGn. 1 mpuBemeHsl BBIpaXeHHble B €IMHMLAX (gx HaNpsKeHHs Ha
HAKJIOHHOH TIpaHu KiMHa (y = xtg ), BbmHCIeHHble TO Gopmytam (4)
H (7) npn pasauuHbIX SHaueHWsX yraa f. s TaGamupl BUIHO, UTO Hamps-
JKeHHs, BbIYHCICHHBIE 110 GopMyJam (4), NpeBLIUAIOT 110 abCOJIOTHON BeJiH-
YHHE HaNPSKCHHUS, BbIYUCICHHbIC 0 GopMyaaM (7), U upesBblYaiHO BEJIHKH
opi GONMBIIMX f. DTH HaNPsIKEHHs TIPH BO3DACTAHHH yIjla § HAUMHAIOT BCe
Oosee u Gostee ornuuyaTkCsi Apyr or apyra. Tak, eciu mpu f= 0 Hanpsxe-

Ta6anma 2

: p "
a
T B .
- ogx ogx egx
dpopg?(h) no dopm. (4) cpoprx::?(%) no dopm. (4) ¢>op?1?(73) no dopm. (4)
1,732 0,045 1 0,136 3 0,078 1,7321
1,155 0,412 1 0,355 4 0,171 1,7321
0577| 0,701 1 0,463 5 0,173 1,7321
0 0,889 1 0,536 6 0,120 1,7321
— 0,577 0,966 1 0,603 7 0,064 1,7321
— 1,155 0,988 1 0,655 8 0,034 1,7321
— 2,309 0,997 1 0,714 10 0,013 1,7321
-~ 4,042 0,999 1 0,752 13 0,005 1,7321
— 5,774 1,000 1 0,770 16 0,003 1,7321
— 8,660 1,000 1 0,785 21 0,001 1,7321
—14, 43| 1,000 1 0,798 31 0,000 1,7321
-0 1 1 0,819 ) 0 1,7321
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HHsl, BHIYHCJIeHHble no dopmytam (4) u (7), coBmamaloT MeXay COOOH, TO
npu p = 30° oHH oTaHYAIOTCS NpHUMepHO B 3 pasa, npu S =60° — B 22
pasa, a npu =75 — B 175 pas.

B Tabs. 2 npuBeneHbl BbIpaXK€HHble B €IMHHIAX Qfx BEJHYMHBI HATIPS -
JKeHHH B INPOU3BOJSLHOM TODH3OHTAJIBHOM CEeYeHHH KJaHHa 1pu j = 60°.

* it B

o

Qmioper %, L u £ B 3T0M CeueHHH, TIOCTPOEHHbIE MO JAHHBIM
ogx - 0gx 0gx

tabu. 2, npeacrasjeHsl Ha puc. 3. JJs cpaBHeHHs NYHKTHPOM HaHeceHa
O, Oy Txy

3NKopa H u , 3SHAYHTCJBHO I'ipEB‘bIIHa}OIlLH'e 10 BE&JIHUHHE
ogx”  egx 0gx
0; *

T.
0 H 945—, He MOryt GblITb H300paxKeHbl B MacliTabe DPHCYHKA.
g% gx

Hanpaxcenva
L 8 equruuax pgx

*

Puc. 3.

Kax BHAHO M3 pPacCMOTPEHHOTO NpPHMepa, 3aBHCHMOCTb HATIPSIXKEHHOTO
COCTOSIHUSL OT TIOPSIKA BO3BENEHUS COODYKEHHS MOXeT GbiTh BecbMa Cyulle-
CTBEHHOH H €0 HeJNb3sl IpeHeOpeub.

JIMTEPATYPA
1. . I. Taneprun, Céopauk JIMHIIC, sem. 99, 1929.

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

HHCTHUTYT CTPOUTEJIbHOVI MEXAHUKH AKAJEMHH HAYK YCCP
1953 CBOPHHK TPYJOB Ne 18

H3rub KPYrJjon NMJACTHHKH NMEPEMEHHOH TOJILLHHDI
KOPHOJIHCOBBIMH CHJIAMH

A. 1. Kosasenko

Hccnenyercs HeCHMMETPHYHBIA H3rH6 Kpyrjlofi NJACTHHKH C JKECTKOCTbIO, H3MEHAI0-
meicn no J'IHHeif'lHOMy 33aKOHY, BHI3BAaHHLIA CHJIAMH UHEPUHH IIpDH OBHXEHHH, Ha3HBaeMOM
peryJIapHOR mpeleccHel.

PaccMoTpuM ABUXKEHHe KPYIJIOH MJIACTHHKH, BPalllaloIeHcs ¢ TOCTOSH-
HOH TI0 BeJIMUMHE YIJIOBOH CKOPOCTBIO «; BOKDYT OCH 2, TepIeHIHKYJAPHOH
K CpeIMHHOH MJIOCKOCTH IJIaCTHHKH H NPOXOAsiLeH Yepes ee LEHTP, NpHYeM 3Ta
OoChb He OCTaeTcs Hemno-
JIBHXXHOH, a B CBOIO
ouepefb  Bpallaercs
BOKPYTI' HeNOABHXHOH
OCH X TakKXe C IOCTO-
SIHHOH YIVIOBOH CKO-
POCTBIO w2, COCTABJIAN
C Helt HeH3MEHHBIH
yroa 90° (puc. 1).

Cuabl  HHepLHH,
BO3HHKalolI}e NpH Ta-
KOM JBHKEHHH, BBI3bI-
BarOT HECHMMETPHYHOE
pacTsKeHHe W HeCHM-
MeTPHYHBIA H3rub nJa-
CTHHKH.

Ilpn w2 € w; MOXKHO CUMTATb PACTSKEHHE KPYIVIOH IIACTUHKH CHMMe-
TPUYHBIM U TaKHM XKe, KaK TpH BPAleHUH BOKDPYI OLHOH TOJBKO OCH 2.

B nacrosimell paGoTe uoCJeLyeTCs HECHMMETPHUYHBIA M3THG KpYTJIOH
TIJIACTHHKH C JKEeCTKOCTbIO, H3MeHsIoUlelcs 10 JHHEeHHOMY '3aKOHY; NPH 3TOM
BJHSIHHE PACTAXKEHUs Ha H3rH0 He yYUTbIBAeTCA.

B uccnenoBannu npuMeHsioTcs 0003HAY€HHS, BBEJEHHbIE aBTOPOM
B cTaThe [l], H MCIOJB3YIOTCS TOJy4YeHHbe B HEeH HEKOTOPHI® Pe3YyJbTaThl.

Puc. 1.

1. OcHOBHBIE ypaBHEHHS

PaccMoTpUM JIMHeHHBIH 3aKOH H3MeHeHHMS LHJIMHIPHYECKOH XKEeCTKOCTH
KPYIJIOH HJaCTHHKH

D = Dy(l —x), (1.1}
r .
rAe x = — OTHOCHTEJbHEIH DajiyC TJIACTHHKH,
0
ro — pamuyc InacTHHKH npu D =0,

Dy — XecTKOCTb B LEHTPE MJIACTHHKH.
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ITOH XKECTKOCTH COOTBETCTBYET TOJILIHHA TMJACTHHKH

h=ho(1—x)}, (1.2)
rae ho — TOJILIMHA B ilEHTpe NJIACTHHKH.
3aMeTHM, 4TO
Eh?
D= 150—0)

B OTHOCHTeJNLHOM JABHMXKeHHH Touka (r, ) KpYyIJIOH TUIACTHHKH, Bpa-
ujafolelicss BOKPYT OCH 2, HMeeT CKOPOCTb wi1f, {IPOeKIHs KOTOpOH Ha OCb Y
paBHa wrcos® (puc. 1).

[Ipy npeecCHOHHOM JABHMKEHHH B TOUKe (7, 6) BO3HHKAeT KOPHOJIHCOBO
YCKOpeHHe, BEKTOD KOTOPOro mapaulejieH OCH 2 H N0 MOAYJIO paBeH
2(01‘(,02?' Cos 6,

He yuuTbiBasi CHJI HHEpLMH, BOSHHKAIOWMX NpH JedopMauusx IJa-
CTHHKH, CUHTAEM, UTO HECHMMETPHYHBIR M3rH6 MJIACTHHKH BbI3bIBA€TCS TOJILKO
onepeyHoil Harpy3koil OT KOPHOJIHCOBBLIX CHJ1 C HHTEHCHBHOCTbIO

q(r, )= —2g w,Welohex (1— x)% cos 6. (1.3)

Torna pelueHue mis Tporn6a MOXHO BbIGpaTh B BHIE
w=w{(x) cos 0. (1.4)

IMoacrasasas (1.3) u (1 4) B OCHOBHO® ,mm@y(bepeﬂunaﬂbﬂoe ypaBHeHHe nsruba
TJIACTHHKH TIepeMEHHON TOJIMHbI HeCHMMETPHUHOH Harpyskod [l], mosayuyum
cJefyiollee HEOXHOPOAHO® ypaBHEHHE MIA W (x):

diw (x) d3w (x)
' “dx

x*(1—x) x2[3+(—1+) ]dw(x)+

+ x3(2 — 4x)
dw(x)

I‘o o _
+3x —3w((x) = 29601(02 Dy x5(1 x) (1.5)
OjHOpOJHOe ypaBHeHHe, COOTBETCTByollee ypaBHenHio (1.5), mpH
ao=1 u k=1 cosnagaer ¢ ypaBuenueM (2.3) cratbu [l].
[MpousBoasi TOACTAHOBKY

w(x) = xy, (1.6)
npeoGpasyeM ypaBHeHHe ueTBepToro nopsiuika (1.5) K ypaBHEHWIO TPeTbero
nopsiaKa (omocm»e.mbno Z_Z)

x3(1 —x)d 4+x 6— 8x)d s-i-x[3—(11-|-v)x]——
roh ¥

—[3+2(—1+v)x]d =—2 Wy, D° »(1—x'. (1.7)
IIpouasons BTOPYIO NOACTAHOBKY
d .
L =x, (1.8)

npeoGpasyem ypasHenue (1.7) x BHAY
x2(1-—x)135 + x(9—11x)d——2z+ [15—(27+v)x]d—z -
dx® dx? dx

r h
— (9+30z = —22—0)1(02 s

(1.9)
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2. Pewenune pagas nporu6a

OzmHoponnoe ypaBHEHHE, COOTBETCTBYIOLCe ypaBHeHHIo (1.9), sBasieTcs
FHIIEPreOMeTPHUSCKHM ypDaBHEHHEM TPEThEro Mopsaka

asz d?z
(1= T 4 x[(BA 1)~ (4,+3)x] 95 ¢
+ [Be— (4,4 1) 6] % — As2=0. (2.1)

HacTthble peluenust 3TOro ypaBHEHHst B CJydae, €CJIH Pa3HOCTb KaKHX-
60 ABYX M3 Tpex BeJHuHH !, fi, f» He paBHA HYJIO HJHM LEJOMY YHCJHY,
HMEIOT B OKDECTHOCTH TOYKH X = 0 cJeAylomui BUA:

2 = F(a1, as, as; 1, 2 x), (2.2)
2D =x1B Py +1—8,, ag+i—g, a+1—p;
26, bt1—g; 0, (23)
2= x1=f F(ay+1—8, ast1—8s, agF1—py; '
2—fa B+ 1—f; ). 2.4)
B stux pelieHusx mapaMeTpel ai, ag, o3 SBJSIOTCA KOPHSMH YpaBHEHHSI
ad — A2+ Aya — A3 =0, (2.5)
a napaMerpnl fi, ff2 — KODHSIMH ypaBHeHHs
f?— Bif 4 B2 = 0. (2.6)
Dyuruus Buga F(ai, az, as; f1, f2; X) OOpenessieTcs CJAeLYIOLIUM DPSIOM:
o (2], [@2], [e
F (a1, a9, 05 By a3 x)= ;%0 %[ﬂ[——lli]ﬁji]i]n x", 2.7
B KOTOpOM
[u],= riff(—:)n)=’a(a+1)...(a+n—1); [ale=1.

Pan (2.7) cxomutest npu | x| < 1. Ilpu x =1 3TOT psIA CXOMHMTCH, ecii

pi -+ po— (a1 + a2+ az) > 0.
ConocraBJisisi OTHOPOILHOE ypaBHEHHe, cooTBeTcTBYyIoliee (1.9), ¢ ypas-
HeHueM (2.1), HaxomMHM KO3 (PHUHUEHTHI

A1 =8, A= 184, A3=9 4 3»;
B, =28, B, =15.
[MoxcraBasigs 9T KoabduuuenTsl B ypaBHenusi (2.5) u (2.6), momyuaem
a®—8a?+ (18 +v)a—3(3+») =0;
f2—88+ 15=0.
[Tepeoe ypaBHenne npu Koadpuiuuenrte I[TyaccoHa v = ; MOXeT GbITh

npeacraBieHo B BuAe ypaBHeHHSI (a — 3)(3a® — 15a 4 10) =0, kortopoe
HMEEeT KOPHH

11/35 2.8)

BTopoe ypaBHeHHe HMeeT KODHH
f1=3, fo=2=5. (2.9)
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Torna nepsoe wactHoe peluenne (2.2) OXHOPOAHOTO YpaBHEHHS COOT-

BETCTBYIOLIErO ypaBHennio (1.9), NpeBpailaercd B TIHIEPIEOMETPHYECKYIO
¢ yHKUHIO BTOPOrO TMOpPsiAKa

2 = F(3, ag, u3; 3, 5 x)=F(uy, « ag; O X). (2.10)

Onnako pemwenns B ¢dopme (2.3) u (2.4) npHu HaliGeHHbHIX 3HAUYEHUSX
napameTpos (2.8) u (2.9) He mMeIOT cMbicia. MckoMble pelleHHs HaxoLuM
C TIOMOLIBIO IIPEJeJILHOTO IIepexoja.

B (2.2) u (2.4) Bmecto f;==5 noacrasaseM f; =5 - ¢ n cocrasisem
JmHetuxo KOMOHHAIHMIO IBYX YaCTHBIX pelleHHH

E[If (o2, 33 D+ x)—f (a)x_i‘sF(a2—4—e, ag—4—¢& —3—¢& x)], (2.11)

rjge
Foy— 41(—3—e) (—2—¢) (—1—¢) (—s)
)= (=T (a3 (@ 2 ) (0o 1) (g —8—=2) (0 ~3—7) (y—2=1) (w,—1=#)"

Bripaxenne (2.11) npu ¢— 0 npeBpamaercs B HeonpefeJeHHOCTD
0

BHAa (-
Torna B kauecTBe BTOPOrO YaCTHOTO PelleHHS OZHOPOAHOIO yPaBHEHHSI
noJiyuaem
2@ =1im { ~18— [F(uz, ag; 5185 x) —
&0
— f(e)x—— Fus—4—e¢, uy—d—g; —3—¢; x)]}=
| 2 Pluy g 545 0| +
| 0e (2, e 5 ]s:o
+x~tIn x[f () Flop—4—e, ag—4—¢; —3—¢ x)],_,—
_x—a.{%[f(s)F(a,—/-l—e, 4y—4—e —3—e; x)]} L @12
: —o
YuurteiBasi npu BbhluncyieHud 2 ToxmecTso
0 ln F €
2 Fe)=r(e IO,
HaXodHM
2® = @ (uy, ag; 5 x) F(agy 3 5; x)In x —
- 3!
- . x4+
(23—4) (@2—3) (2s—2) (“2”‘1)(“3_4) (25—3) (1s—2) (15— 1)
+ 2:3-4-2) s
(9= 3) (12— 2) (@3 = 1) (1, —3) (55— 2) (&s— D)™
3-4-11 4

2—2)(@—1) @2 =D " T @=1 @—1* T

o #g(ag+1). .. (gt n—1)ag(a;+1). .. (¢g+n—1)
+2 nl 5-6...(5+n—1) X

ag  agt1 et n—1 " o« at+1 ¢,+ n—1
11 1 1 1 1>,, |
56T TEFa—l 12T Th)* @19

3t
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IMoacrabasis B (2.2) u (23) pi=3-+ ¢ BMecro S, =23, cocrasiaseM
B KayecTBe TPEThero YaCTHOTO pellleHHs] OJHOPOJHOTO yDaBHEeHHs BhIpaXKeHHe

28 = 1112{'1_[]?'(3, a3, gy 3T& 5 x)—

—fdgr*“Fﬂ—w,%—Q—gay—Z—q—1—1,—3—&.ﬂq, (2.14)

Tae
£16)= 21 (—1—8) (—9) (3—2) (4—9)
{07 @22 (= 1=) (6= 2—2) (5 —1—¢) (1=5) @—9)°

[Tpoussoast aHaJOrHYHble MpeoOpasoBaHHs, HAXOLHM

2& = D (ay, ug; 5; x) +

41 - 3l
+ — — — — — — x—‘ —_—
(as—4) (@2—3) (2s—2) (23— 1) (23— 4) (s —3) (#5—2) (23— 1)
2:3:4-2

(2.15)

T @=3) (65— (a—1) (5,—3) @ —2) (G—D*

Takum oGpas3oM, OTHOPOLHOE ypaBHeHHe, cooTBeTcTByIomee (1.9), umeer
ollee pelleHHe
2* = C2zM) + (32 + Cy'20) =

= C\F (a3, ag; 5; x) + Cy' D (e, @y 55 x) +

+ Cs'{(p(“m ay; 5y x)+

41- 21 3 -
+m;&@rm@rn@r&wrmwrnh@—ﬂm—ﬂx * ”’

HIH

2*=C,F(ag, ay; 5 x)+ CoD(ag, o35 5; x) + 03;15(1 - %) , (2.16)

rne
C,=C'+Cy,
412!
(03— 3) (e —2) (2 —1) (¢, 3) (25—2) (s —1)°

Cy=—10y

IlepexoauM Temepb K OIPENEJEHHIO YaCTHOIO pelIeHHs HEOLHOPOIHOrOo
ypaBHenus (1.9).
L
Passarass B cBoGomHOM uJeHe GuHOoM (l —Xx)° B pag W Tnosaras

1
V=g, nepenuckiBaeM ypasnenue (1.9) B Buze

a3 d’z 82 \d
.\tg(l——x)a?zs+x(9—'llx)g;i + (15— 3 x) d_i —
> 1
—10z=—cx 3 (—=D"[ 3 |x", (2.17)
n=40
n
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rae
2 wlldg‘D]lo,
SR L W L s [1__ _1';
a 3(3 L el
n! ’
n

(-

Psin B cBOGOAHOM wieHe ypaBHenusi (2.17) cxopsmuiics. Yuntbisas m - 1

YIeHOB 3TOr0 PHAAAa, BbIG¥paeM YacTHOE pPelllcHHe HEONHOPOLHOrO YPaBHEHHS
B BHIe

2= 3 ax". (2.18)

n=0

[Moacrasasas (2.18) B (2.17) u cobupas uJieH < OJHHAKOBLIMH CTele-
HAMH X, ToJyd4aeM cnenyromyxo CHCTEMY ypaBHEHHil MJsi onpeiejeHHs Ko3d-

¢uuuentos a, (n=0,1, 2,..., m):
10ay — 15a; = 0;
(10+ 832) a—2(15+9) ay=c;

1
(10+83 -2+11- 2) —3(15+9-2+2)a,=—c<3>;

1

IlO-i— %n +.11n(n— 1) +n(n—1) (n—2)

a, —

1
—(n+l)[15+9n+n(n—1)]an+l=(—1)"'lc< 3 >;
n

1
10+ %2—m+11m(m—1) +m(m—1) (m—2)|a,=(—1)""te[ 3 .
m—1

O6uwee pellleHne HeORHOpOAHOro ypasHenus (1.9) upu »= é— nMeer

CNelYIOMHHA BHI:
2=2*+2°=C F(s3, 33 55 x)+CeD (a3, 045 55 x) +
1 9 moa
+03x_3(1+§.;)+n2=’0anx ’ (2-20)

rae Koddpduuuentsl @, (n==0, 1, 2,..., m) ONpeeNsIOTCs U3 ypaBHeHHH
(2.19).
3-53. 33
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Ilpunumas, nanee, o Buumanue (1.4), (1.6) u (1.8), Haxozum obuiee
pellleHHe AJs mporuéa w

w= { x f x[CIF(ag, a5; 5; x)+C, B (ay, ay; 5; x) +

1 9 m
+C"‘F<l+27‘:> + Eanx”}dx-l-(];}cos 8, (2.21)

n=0

Hcnonbsyss Ipu HHTerpHPOBaHHHM THIEPIEOMETPHYECKHX (GYHKUME mep-
BOTO M BTOPOTO POAa (OpMyJibl, NpUBEJEHHbE B MOHOMpaduu [2], mosyuaem
ofllice peleHne JJis TIporin6a w B CJIELYIOLIEM BHIE:

w=Cw" + Cow? + C;w® + C,w™ + wo, (2.22)
rne .

wM = —

6x*F(a,—1, a3—1; 4; x) +%7xF(az—2, as—2; 3; x)] cos 6;

w2 =— {6x2¢(02_1, a,—1; 4; x)+24—7x@ (22—2, @, —2; 3; x) +

7
+57x’F(a,—1, a3 —1; 4; x) +1:13—Z)9xF(a2—2, o,—2; 3; x)}cos 6; (2.23)

wd®=— (I-I—g)cosﬂ;
4x

wW = x cos 6,

m g
0= 3¢ x"+3 cog 6.
w n=0n+2

3. Pewenusi 019 H3ru6alomMX MOMEHTOB, KPYTSLIHX MOMEHTOB
H nomnepeyHbIX CHJ

Boipaxenns (3.9) crateu [1] mpn xectkoctu (1.1) u v=]

3 TIpHHH-
MawT BHJA
D, w1 fow 10w
M == 22| 5+ a5t 5 ) |
Dy 1w 1 /0w 1 0*w\],
My=— = (1=2) 3 5 E(EJ”EW)]’

gy, =— 2 Delzx (w1 ow)
Mro=My="73 72 "% (axae x00>’

D, Pw 1w low 1 ow 2 *w
o _E(l—x)l'a?S“LE?E—PéEJFEW“Fa_mJ*' 1)
Dy[d*w 1 /1ow 10w
+E[W+§(£E} x—a—e>
Dy 1—x| 0w 1 o*w | 1 0*w
D="T7 x| wod ;axao+?c‘2_aﬁ]+
L2012 100)
3 rl x\oxd0 x 09/
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MHoacrasass (2.22) B (3.1), HAXOAUM CJeAyIOIIHe pelleHHst IJs U3TH-
6alolMX MOMEHTOB, KPYTSILIHX MOMEHTOB H IIONEpeYHBIX CHJI:

M,=C, MO+ CM®+C, MO+ C, MO+ M’; 3.2)
My=C,MD+C,MP+CyMP + C MO+ My (3.3)
M =M, = CMY+CMOP+ MO +C. MO+ My, (3.4)
Q.= CLQ +C,QP+ 09+ C9W+@7; (3.5)
Qp=C1QN+C,QP+ OO+ COP+0Q3 3.6)
roe
Do 2 10
M =— ? (1— x)[ X (61, a5 H15 6 x) 5 X (6, 5 55 )] cos 0
]y[,&)_ (1 x) —xgﬁ(ag-’rl agt+1; 6; x)+
10 3 .
——x@(ag, ag; 5 X) + x:F(ugt+1, ag+1; 6; x|cos 6; 3.7
MO =— Dy1—x (l — é) cos 0
’ rnox* \3 «x ’
M® =0

10
ML’=_F(1—X)2("+ 3 ) Gt cos6;

D
MM =— ff(l_x)

_x2F((l2+l,lL3+l; 6; x)+2xF((l2, (7% 5; x)]COS 0;

D 2
MSZ):“T{(I_)C) gxzﬁ(a‘ﬁ-l, a,+1; 6; x) +

+ 2x® (uy, &5 D5 x) + 1—§ng(“2+ 1,e,+1; 6 x)} cos 6; 3.8)
M= — l?l—_x(14-3)cos&
MH=0;
My =— 2 x)z( ) a,x"t1 cos 6;
=0
M= % %" (1—x) F(es, ay; 5 X) sin 6;
M,gg)— % %(l—x)xqﬁ(ag, ag; 53 X)sin 6;
MO = % % (1 + 29 ) sin 6; (3.9)
M= 0;
M= —§~ %(1«x)7%0a Xx"*1 sin 6;
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QU=— —(1 [ XtF(as+2, ag+2; 7; x)+
-}~

(4 % x )xF(a H1, agt+1; 6; )+

10 x
+ (4- 3 m) F(as, a4 5; x)|cos 6;

Q=—20(1-x)| 2 000 +2, 42 7 0 +

+(4— % = )x@(a2+l as+1; 6; x) +

10 791
+ (4-—31——)61(%, asi 5 X)+ 108 (a2, o2 T x)+
L(%_18 x xF(a2+l,a3+l 6; x)lcosﬂ (3 10)
5 161—x
D1 (5 1)
Q=—"7 x2(3+x)cosa’
Q(;ﬂ:o,
g=-2 3 {(n+1>(n+4)+[ (a+2) (n4) + 5 | x }nx”coso;
0 yzw=()
le)_ (l~x) xF'(az'l'l a,+1; 6; x)+
+ 4_2_){? F (¢, aq; 5; Xx)|sin6;
3 l_x 2y 3, » ’
Qg)._ (1 x) xdi(ag—i-l a,+1; 6; x) +
2 X\ pay, ag; 5; X)+
+(4-—§1_x) 2y Y3y Y
13
+ xF(O!2+] (13+1 6 x) Sln0 (3.11)
D, 1 /5 2\ .
(8) = — 220 = o;
Qe) e X2<3+x)sm s
QP=0:
Dn

x |a,x" sin 6.

14
n+4— (n+ §>

QO
0 0 n=>0
[pu BblunMcieHHM wacTHbIX peendd (3.7)—(3.11) wucmosbsyem ¢op-
Myabl audQepeHUHPOBAHHS W HHTEIPUPOBAHUS THIEPTEOMETPHYECKHX (YyHK-
uni, mpuBeLeHHble B MoHorpaduu [2].
B BbIpaxeHHsSX Ui YACTHBIX pellleHHH OMHOPOAHLIX YpaBHeHHH conep-
KaTcs NATh THIlepreoMeTpuyecknXx ¢yHkmui mepsoro popa F(ay — 24 n,
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a3—2-+n, 3+n; x) (n=0, 1, 2, 3, 4) # nATh TrunepreoMeTpuye-
ckux QyHkuuit Broporo poga P(ae —2-+n wa—2+4+n 3+n X)
(n=0, 1, 2, 3, 4).

IIpu cocTaBjeHUH TaGJHl YACTHBIX pellleHHi HeOGXOAHMO CYMMHPOBATH
TONMBKO PSABI, ONpelesiiollle TIunepreoMeTpuyeckue QyHKIpH ¢ n= 0
u n= 1. OcTajbHble THIepreoMerpuueckue QyHknuu (n =2, 3, 4) Moryr
GbITb BBIYHC/CHBI C TIOMOLIBIO PeKYPPeHTHbIX (opMmyJ

Fla, b; ¢; x)= c—_ﬂt—bfl—)—"maﬂ, b+1; c+1; x) +
L@+ )+ )x(1—x)
c(c+1)

F(a+2,b+2; ct2; x); (3.12)

®(a, b; c; x) = ‘Z(“J'Eli]lfm(aﬂ, b-+1; c+1; x) +

" (a+1)B+1)x(1—x)
c(ct1)

L elatotl)x (1 L1 z—) F(a+1,b+1; c+1; ) +

O(a+2, b+2¢+2; x) +

c a b
@+DG+Dxd-—na1 1 1,1 1 _ 1
+ clet1) (a ari e Ter1 ¢ c+1)><
X F(a+2, b+2 e+2; x). (3.13)

Oti GopMyJibl TOJYYAlOTCs ITOCPEACTBOM IOACTAHOBKH B ypaBHEHH®
Iaycca

x(l—x)g;y—i- [c—(a+b+1)x]g—z — aby=0,

2
B KOTOPOM IlapaMeTp ¢ paBeH LEJOMY TIOJIOXKHTEJBHOMY 4HCTY, ero peleHuH
yV = F(a, b; c; x),
Yy = @(a, b; ¢; x)

M TI€PBBIX ABYX NPOU3BOJHBIX OT HHUX, BBIYHCJSEMBIX TIO ¢dbopmynam [2]

d ab
a}F(a, b; c; x) = —EF(a-i-l, b+1;¢+1; %)

2 o b;c; x) = | Bla+1,b+1; e+ 1;2) +

ab
dx c

+ (1—+ L 1) Fla+1, b+1; c+1; %) |.
a b c

O6ume petuenus (2.22) u (3,2)—(3.6) conepxaT yeThipe NOCTOSHHbBIE HHTE-
rpupoBanusi Cy, Cs, C:, Cy, KOTOpble ONPeLEJAIOTCS H3 yCJIOBUH Ha Hapyx-
HOM ¥ BHYTpPEHHEM KOHTYpax IJIaCTHHKH.
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4. INpumep pacuera

CGranbHOH TOHKHH JHCK ¢ pasMepaMH, yKa3aHHbIMH Ha pHC. 2, COBep-
IIaeT peryJsipHyIo MPelecCUI0 NPH B3aUMHOH IepIeHIUKYJISPHOCTH OCH COO-
CTBEHHOTO BpalleHHs (w;) M OCH mpemeccHd (wp). Onpemenuts mporH6 Ha
Hapy>KHOM KOHTYpe JHCKA, €CJIH ero JKeCTKOCTb M3MEHSIETCS BAOJb paiuyca
TIO JIMHeHHOMY 3aKOHY.

AL T

~h=0621cm

534704 cm — o

Puc. 2
BHyTpeHHHHA KOHTYp JAHCKa CBOGOMHO ONEPT, a HAPYXKHBIH — CBOGO/EH
OT CHJI H MOMEHTOB. ‘
W3 cootHOeHwMs

1— r, 1— 2,25

li:: _ Ty _ 0,6213 _ Iy

R, r, 045 30

1— = 1——

ro T,

onpepesasieM paauyc Aucka rg = 47,04 cm, UpH KOTOPOM €ro MKECTKOCTh
paBHa HYJIO.
Ilpu
2,2

n=-="7>—=00 U x=

r, . 47,04

Iy 30

r, = 47,04 =064

BBIYHCJISIEM 3HAYeHHs THNEPreOMEeTPHYECKHX (GYHKUMH, BXOASLIMX B YacTHbIE
petlenust (raba. 1).

Tab6bauua 1

F(a, b; c; Xx) x=x,=0,05{ x=x,=0,64
F(a,—2, a,—2; 3; x) 0,955743 0,467395
F(a,—1, a;—1; 4; x) 0,991524 0,857500
F (ay, az; 5; x) 1,03468 1,8937
F (a1, a;+1; 6; x) 1,08288 4,5772
F (a2, a3-+25 7, X) 1,13521 11,6043
@ (a, b; c; x) x=x,=0,00 | x=x,=0,64
& (a,—2, i;—2; 3; x) —467,788 | — 3,40125
D (a,—1, ay—1; 4; x) —20612,9 | — 13,0700
D(ay ay; 5; x) —7373820 | —336,572
@ (a1, a;+1; 6; x) 882256-103 2915,12
B(a+2, azl-2; T; x)  |—566184-105 —14174,7

[lTonctaBasiss 3HAUEHHs] THIMEPreOMeTpUYCCKUX (yHKUHE B QopMyJib!
(2.23), (3.7), (3.9) u (3.10), Bbruucasiem 3atem npu x; = 0,05 u x, = 0,64
YyaCTHblE pelleHust ansaw, M,, Mgy a Q, (taGha. 2).
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1 1
Tak kak 3nauenuwe OuHoMma (1 — x3)¥ = (1 — 0,64)* = 0,7114 cosna-
aeT C TOYHOCTBIO J0 YETHIpeX 3Hayalux UHGp. Co 3HAUEHHEM IOJHHOMA

13 1

n

2 (D" 3 |x
=0

" n . o
HUM YACTHBIX PeIUCHHil HEOJHOPOJHBIX YDABHEHWil IPHHHMaeM BO BHUMaHHE

B TNpaBoii yacTd ypaBHenus (2.17), To mnpu BBIYHCIIE-

He Gosiee 14 ujieHOB B psifax, BXOAAUIMX B 3TH DElIEHHSs.

Ta6auna 2

. wD w® w'® w® w*
cos 0 cost cosf cost ccos B
0,05 | —0,33744 | 465,24 —46,00 0,05 0,188583-10—3
0,64 | —4,1265 25,783 | —4,5156 0,64 0,00479767
Mf.” r} Mg)ra MP) r: M?) r3 M: r3
Dycos® | Dycos® | Dycos® | D, cos ¢D, cos 8
0,05 | —0,16554 | —229380° | "~ 22673 0 —0,00487368
064 | —1,9043 | —28666] | 3,8269 0 —0,00316930
MO | M2r | M3m | M9n Miyr:
D, sin 8 D, sin 0 D, sin 6 D, sin @ ¢D, 8in 8
064 | -0,29087 | —51,697 44,7058 0 0,00604555
QMry | oPr | Q¥r | Qg Q rd
D,cos 0 D,cos b D, cos D,cos 9 cD, cos 9
064 | —3,4300 | —36,4457 | —7,8837 0 0,020887

,D.Jlﬂ OnpeAe/icHHsl MMOCTOSAHHBIX HHTEIPHPOBAHHA COCTaBJISAEM 4eThbIpe
YpaBHEHHS, YAOBJETBOPAOLIHE CHAEAYIOIIHM KOHTYPHBIM YCJIOBHSIM:

oM.,
M,=0 u Qr+r00 =¢+

rx 00

w=0u M, =0 npu x=0,05;

Hcmoab3yst Taba. 2, moAyyaeM YeThipe ypaBHEHHS

— 0,33744C, + 465,24C, — 46,00C; +- 0,05C, -} 0,188583 - 10—5¢ = 0,
— 0,16554C, — 229380C, + 22673C; — 0,00487368¢ = 0,
— 1,9043C, — 28,666C; - 3,8269C; — 0,00316930¢ = 0,

0,29087 51,697
( 3,4300+ 0,64 ) 1+(36,4457 0,64 )02+
4,7058 0,00604555) _
—7,8837 + —a 0,64 ) s+ (0 020887 + —6’—6-2—)0—0.
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Peluast 3TH ypaBHEHHs, HaXOLHM .
C, = —0,0101998 ¢; C, =0,0123527 ¢;
C, = 0,00122097 ¢; Cy = — 0,0652934 c.
Torma nporu6 aucka Ha HapyKHOM KOHType
w. = Cw') + Cauw'? + Cow® + CowP +wi =

=-0,0192¢c cos 8 =— 0,03843— W0 i‘#’ cos 6.
(1]

3aknioueHune

HafijeHsl TOYHBIE pelleHHs] Yepe3 THMEpreoMeTpHUecKHe (YHKUHMH BTO-
poro .nopsiika AJisi 3aJayd O HECHMMETPHYHOM H3rHGe KpYIVIOH IJIACTHHKH
C JKECTKOCTbIO, H3MEHSIIOIIEHACS 110 JIMHEHHOMY 3aKOHY, OT KOPHOJHCOBBIX CHJI
BO3HHKAIOLIUX MPH IPELEeCCHOHHOM ee JBHIKEHHH.

JIMTEPATYPA

1. A, 1. Kosanenko, O HeCHMMETPHYHOM H3rHGE KPYIVIHX nnécmnox nepeMeHHOR
Tommuuubl, C60pHUK TpyRoB HHcruTyra crpomrénnHoR Mexannkn AH YCCP, Ne 15, 1951
2. A

. A. JI. Kosanenxo, TeopHs pacuera Ha NPOYHOCTh KoJec TypOOMallHH,
3. AH YCCP, '1950.

Sanitized Copy Approved for Release é010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

WMHCTUTYT CTPOUTEJIbHOM MEXAHUKH AKAJEMHWU HAYK YCCP
1953 CBOPHHMK TPYZIOB Ne 18

KOCOM HM3rub METAJJHYECKHX BAJIOK 3A MPEAEJIOM
ynPyroctu

A. H. Ctpeavbuyras

HcciegoBaHo ynpyro-mjacTHYeckoe M MNpejelbHOE COCTOAHHE [BYTaBPOBOro H Hisel-
JepHoro npoduieil npu KocoM Haru6e. HaiilleHbl COOTHOIIEHHSI MEX1y MOMEHTaMH, Ieii-
CTBYIOUIMMH B TJIaBHBIX IUIOCKOCTSIX CedeHust. [laHbl npocTbie (OPMYJbi A/ ONpeie/eHHst
IJIACTHYECKOI'O MOMEHTA CONpPOTHBJEHHST W IpelesbHOM HArpy3kH Oasku.

1. BBeaenue

Pacder MmeTasiuyecKuX OaJjloOK MO NPeAeJbHOMY COCTOSIHHIO IIPH [Ome-
peYyHOM H3ruGe [OCTaTOYHO MOJHO pa3paboTaH psiloM ABTOPOB H BOLLe]
B HopMbl H TexHHYeCKHe YCJOBMA IIPOEKTHPOBAHHS CTaJbHBIX KOHCTDYK-
uuii. Pacuer Hecyueil CIOCOGHOCTH CTepkHeH K 0ajloK NMpPH KOCOM H3rude
CPABHUTEJbHO MaJlo OCBELIEH B JHMTepaType, HECMOTPSl Ha TO, YTO NPHMeHe-
HHE ero MOXKET OQaTh 3HaUUTEJIbHYIO 3KOHOMHIO MeTajlla [0 CpaBHEHHIO
¢ pacueToM [0 YIPYIoMy COCTOSIHHIO.

M3yuenuio Kocoro usruba 3a mnpeaesioM YIPYTOCTH MOCBSIIEHbI CTaThi
B. H. T'op6ynosa u B. I'. Uynnosckoro [1], B. H. T'op6ynosa u C. A. IlaJb-
yeBckoro [2] u padora U. H. Kyapsisuesa (3], otHocsiimecst k 1935—1940 rr.

B mepBbix paborax Hccgel0BaHa Hecyllas CIOCOGHOCTb MPSIMOYTOJBHOIO
¥ JBYT4BPOBOTO CEUEHWH H3 MaTepuaja, HMeOlllero paBHbie TPeLeJibl TeKy-
YeCTH TIPH PACTSKEHUH H CXKATHH, M IOJyuyeHbl (OpMyJbl Ui ONpeleseHust
NJacTHYeCKORO MOMeHTa comporusienust. B pabore M. H. Kynpsasuesa,
KpOMe TeX ke BOINPOCOB, PACCMOTPEHO TaKKe YNPYro-IJacTHYECKOe COCTOs -
HUe CeueHHs U AaHbl B obuieM Buie GopMyJibl AJsi pacyera Ha KOCod H3ruG
CILIOUIHOTO ceueHHs JioGo# OopMbl ¢ PasHBIMH NpefeJaMH TeKY4ecTd IIpH
CXaTHH ¥ paCTAKEHHHU.

HasBanuble aBTOpbI IPHMEHSIOT OIHH U TOT XK€ MeTOJ pacyera d I[10Jo-
JKeHHe HeHTPaJbHOH OCH ONpPEeNeJISTIOT M3 YCJOBHS, UTO CTATHYECKHH MOMEHT
cKaTo#l WM pPacTAHYTOH SOHBI OTHOCHTEJIBHO CHJIOBOH JIMHHMH paBeH HYJHO.
3Hast TIVIoXKeHHe HeHTpaJbHOH OCH, KOTOpas [EJMT CeYeHHe I[ONO0JaM, OHH
HAXOAAT IJIACTHUECKHH MOMEHT COIIPOTUBJIEHHSI KaK NPOM3BeJeHHE IIOJIOBHHDI
[JIOLIA/H CEUEHHUST HA PACCTOSIHUE MEXKAY UEHTPAMM TSXKEeCTH CXKAaTod M pacTs-
HYTOH 30H. DTOT XKe IPHeM B HECKOJIbKO MHO#l TpakToBke omnucaH A. P. Pxka-
HUUBIHBIM [4].

st cocTaBHOTO CeueHHs yKa3aHHbBIH MeTOA JaeT BechbMa TIPOMO3JKHE
BLIpAXK€HUS, TpPHYEM BeJUUHHA IJIaCTHYECKOrO MOMeEHTa COINPOTHBJICHUS
nojiyyaercsi TpHOJMKEHHOH [2].

B Hawefi pafore npemiaraercs HHOe pelleHue 3anaud. Mbl OCHOBbI-
BaeMCsl Ha OJMIOpe HaANpPSKEHUH B YNPYro-IJIacTHYEeCKOM HJH IpeaesbHOM
COCTOSIHHSIX CEeueHHsl, IO KOTOpOil HAXOAHM B3aBHCHMOCTH MexXAy H3rubaio-
IIHMH B IVIaBHBIX MJIOCKOCTSIX MOMEHTaMH.
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3aMeHa BEeJIMYHH 3THX MOMEHTOB Yepe3 MOMEHT TpH KOCcOM Marube
H YroJl HakjioHa BHEIUHeH Hanpy3KM K ORHOH ¥3 IJABHbIX OCed AaeT BO3-
MOXHOCTb ONPENEINTD TIIACTHYSCKUHA MOMEHT COIPOTHBJIEHHS, a TAKIKE BeJIH-
UMHY TPENEJIbHOH Harpyskd cTepxkHsi (Oasku). I[losyyeHHble GopMysbl,
BbIpaXKE€HHble Yepe3 3JIeMEeHTbl TIONCPEYHODO CeYEHHs! M YroJ HAKJOHA BHELl-
Hell CHJIBI, JOCTATOYHO NPOCTHI.

[lpunuMaem crenpymoouiye IpeaIOChLIKY:

a) 1oJb3yeMcs YNPOUIEHHOR AMarpaMMoOli HalpsiKeHHH — medopMalmii
C OJMHAKOBBIMY IIpeJesaMH TEKYYECTH Ha PaCTSKEHHE W CXKAaTHE;

0) BJIMSIHMEM KacaTeJbHbIX HalpsKeHHH TpeHeGperaeMm;

B) NpeNeJbHbIM COCTOSIHHEM IPOQHJIS CUMTAEM pacIpOCTpaHeHHe TeKy-
4eCTH 110 BCEMY CEUYEHHIO.

Hccnenyem Kocolt u3aruG JBYTaBPOBONO H LIBEJUIEPHOTO Npoduei.

2. Kocoii u3ru6 asyraspoBoro mnpodguis

[TpunokuM cHIy B LeHTpe M3ruGa AByTaBpa TOL YIJIOM a K OIHOH H3
IJIaBHBIX Oced, HampuMep K ocH y (puc. l,a). IIpu sTOM cTepxenn (6anka)
OyneT HCHBITHIBATH TOJBKO KOCOH H3NHG.

Ha puc. 1,6 u 1,6 mpeicraBieHbl 3MIOpPbl HOPMAJIbHBIX HalpAKeHHH
B yINpPYroM COCTOSSHHH OT MOMEHTOB

M, u M, neficTBylOllMX B IJIaBHBIX Y "
IUIOCKOCTSIX  ceyeHUsl. 3HakoM () \ __f_ e =y
-0603HaYeHO CIKaTHe. o —
TN e A+l 16
¢ | @4 \
i (Mz} Q éﬁ’@) I \\ ”
Y 6 56 N Yz
i / 9}, 1e 9/ 1,
oz | \ i
/ L ke L6
— 416, - L O ~
— 7 S
V3 : ” a "4 '3
Puc. 1. Puc. 2.

YunteiBass pacnpenesieHHe yNpyruxX HampsiKeHHH u NpUHATBIE Bbllle
TPEAITOCBIVIKH, HAaXOIUM BIIOPY HanpsiKeHHH B YIPYro-maacTHYeCKOM COCTOS-
HHUH cevenus, nsobpaxennyio Ha puc. 2,a. Ilpu Kocom wmaruGe B mpodue
€ ABYMsl OCSIMH CHMMETPHU HEHTpaJbHAS OCh TPOXOIUT Yepesd LEeHTP TAMKEeCTH
CCUCHHS] KaK B YNPYTOM COCTOSIHMH, TaK U NIPH HAJHYHH TEKy4YecTH.

Beoxum mapamerp u, o6osuauaromuii paccTosiHEe HYJIeBOH TOUKH STHODBI
NGJIOK 10 OCH CTeHKH. Uepes a M ¢ 0GO3HAuYeHbl TIPOTSKEHHS ITOJIOBHHEI
YOPYToro siipa B TIOJIKAX H B CTEHKE.

Ha ocnoBaunn smiopbi, uszo6paeHHoll Ha puc. 2,a, ompeneaHM BhIpa-
HKEHHs 1711 MOMeHTOB M, u My, nojb3ysch YCAOBHAMH DaBHOBECHSI.

Bepsi cyMmMy MOMEHTOB OTHOCHTEJIBHO OCH X, MOJYUHM

b h h b h
M,=201{— d, (§ —u—a)§ + dn(u—a)g + Jn§ 9
h 1(h h’
+0.(5 —e) |5 (5 —c)+e V= ahutoa(f-c), @
TAe 0r — IMpe/ell TeKyYeCTH NPH pPacCTAKEHHH; BHICOTA CTEHKH A MpPUHATA

MEXIY CPEIMHHBIMH JIMHHSIMH TIOJIOK, KaK 3TO NPHHHMAeTCs MPH PaccMoTpe-
HUY TOHKOCTEHHBIX Tpodureit.
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AHAJIOTHYHO CyMMa MOMEHTOB OTHOCHTENBHO OCH Y paBHa
b |
b g TuTae i
Mg=20r{— dn(§—u——a) . 2—+u+a ‘ —

SR N AP NN | FE R T

2 A
+4 9’1}=a,a,,(b——2u=—§a=) (2.2)

"2 4 2

(m1edn yCHJIHH OTHOCHTEIBHO OCH Y CUHTAIOTCH IOJIOXKHTEJBHBIMH ClIpaBa
OT OCH Y).

Hckmouass us ypaBHeHu#l (2.1) u (2.2) mapameTp u, HaxoAUM 3aBHCH-
MOCTb MeXKIY H3THOAIOLIHMH MOMEHTAMH B YNPYTO-IJIaCTHYECKOM COCTOSAHHH
JIBYyTaBpa

1 M, 2 o000

S — X Td 2)2 it A [ .
'Ml?no.ll (Mx MlCT +G < ) + Myr * 3 I‘IyT 1. (2 3)

IMocrosintible BeTHYUHE B opMyse (2.3) HUMeIOT CHEIYIOLIHE BbIPAXKCHHS:
npenesibHbIl MOMEHT OTHOCHTEJIbHO OCH Y

b2

My, =010 5 3 (2.4)
npelleJIbeli'{ MOMEHT IIOJIOK OTHOCHUTEJBHO OCH X

M; = 0:0.bh; (2.5)
TO 2Ke OJd CT€HKH

M,cr=ard‘c%. (2.6)

IIpn a = c¢ =0 nonyunM ¢GopMyJy AJs NPEJeJbHONO COCTOAHHSA ceuye-
HHS, COOTBETCTBYIOILYIO 3MIOpe HanpsiKeHH#d Ha pHC. 2,0,

(Mr——'MT )2 + M,

CcT

M;non M.’/r N 1. (27)

YpasHeHue (2.7) Jnerko HafTH HeNoCPeACTBEHHO MO pHC. 2,6, NpHPaBHH-
Basi BHYTPEHHHE YCHJIMA BHEIIHHM CHJIaM.

Boipasum mMoMmentsl M, u M, uepes BHeLUHHH MOMEHT MPH KOCOM u3ruée
U uepe3 YroJt HaKJOHA BHEIUIHeH CHJIBI ¢ OCBIO Y

M, =Mcos q, M, = Msina. (2.8)

IToacranoBka BeipaxeHuit (2.8) B ypaBHeHue (2.7) maeT KBaapaTHoe
ypaBHEHHe OTHOCHTeNbHO M

w—om A 1 o —my=o,
COS « cos a -
OTKyZIa
_ 1 /A% _ age ]
M= CcOS « (A+\A MTCT+MTn0.n)’ (2‘9)

tae uepe3 A 0060O3HAUEHO BLIpaXKEHHE

9

M]:HOJI
A== gy g e (2.10)
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s ypashenus (2.9) MOXHO ONpeneJuTh BeJUUUHY TpeAcAbHOR
HAarpy3KH, ecJqu Bblpa3uTb M uepe3 NpoJieT H BHELUHIO Harpysky.

Ilonemup ofe wacTy paBencTBa (2.9) Ha INpedes TeKydyecTH o, U THOL-
craBuB Mr, ¥ M, . us (2.5) u (2.6), noayuum ¢GopmyJy NJIaCTHYECKOrO
MOMEHTa CONPOTHBJICHHS CEUSHHS

g =1= b’ — — 2__ g2 164; b* 2.11)
O; =T= 4 cos a [d" 49y tg“+l (0. —4d, tg @)’ —dz + 5 ] (2.11)
3necs h, b, . 1 d, — pasMepbl NOMEPEYHOro CeyeHHs, KaK YKa3aHO Ha
puc. l,a. .

ITpu a = 90°(cos a = 0; tg a = o0), T. e. npu H3rube B MJIOCKOCTH HaH-
MeHbIIeH KeCTKOCTH, TJIACTUYeCKH# MOMEHT CONPOTHBJeHHs To {opMyJe
(2.11) cTaHOBUTCH HEONPEICJCHHBIM.

Ilpy ¢ =90° Ha CTeHKe [ByTaBpa O3IODbl HaNpsKEHUH He Oyler.
B cBsi3u ¢ 3THM ToJlaraeM BbIpaKeHHe M3rubaollero MOMEHTa CTeHKH OTHO-
CUTEJIBHO OCH X PaBHBIM HYJIO U TOTAA HaXOJHM

. . —a s
r= Mo (g, 100 ol ) = 8 npn a9t (212

" 4cos’a hitg?a 0
PackpbiBasi HeONpeleJeHHOCTb 1O TpaBuay Jlonmutads, OKOHUATeJbHO
TIOJTY4HM
dub?®
T=Ty= 5 - (2.13)

[Tonw3ysich Gopmynoii (2.11), MBI BBHUYHCIUIH MOMEHT CONPOTHBJCHHS
ansi aByraspa Ne 20 npu u3MeHeHuMH yriia HakmoHa cuabl ot 0 mo 90°, mpH-
YeM KaK TOJIIIMHA IIOJOK, TaK M TOJIIMHA CTeHKH IIPHHUMAJHCh MOCTOSIH-
HBIMH Ha BCEM IDOTSKEHHH.

J7ast cpaBHEeHHsST TOCYUMTAHBI TaKXKe BEJNMYHHBI YNPYTHX MOMEHTOB COTIDO-
TUBJIEHUS 110 (opMyJe

W, W,

W, sin «+ Wy cos « ’ (2.14)

W=

rjge WxI/I Wy — MOMEHTBI CONPOTHUBJEHHA OTHOCHTEJIbHO TJIaBHbIX oceil Haxo-

JAUWJIUCh H3 BbIparkeHHi:
h? b?
Wx=anbh+6c € ’ Wy=6;1§ . (2'15)

[MomyuenHbie pesyJqbTaThl ToMellleHbl B TalGua. | u HaHeceHbl Ha puc. 3.
Ta6bauna 1

a T w T _J_"i M,
rpan. cH’. cMs, w M, M,
0 2532 | 2331 | 100 | - 0 1
o144 | 1447 | 148 0374 | 0841
10 1815 | 1056 | 1,72 0632 | 0707
15 154,0 837 | 1,84 0797 | 0,588
30 98,7 533 | 185 0987 | 0,338
45 70,3 4,2 | 1,70 0994 | 0,197
60 56,0 35 | 158 0995 | 0,lI
75 | 515 322 | 1,55 0995 | 0,053
90 | 500 333 | 1,50 1 | o

44

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

Kpusble Ha puc. 3 MOKa3blBalOT, 4TO YNPYrHii MOMEHT COINPOTHBJIEHHA
JNBYTaBpa Pe3ko NafaeT NPH MaJblX yriax HakmoHa (mo 30°), a sarteM, IpH
BO3PACTaHHH YTJIOB, WEPEXOAUT B IUIABHYIO KDHBYIO, UPHOJIHIKAIOMLYIOCS
K ocu Xx. JIJs TIacTHYECKOTO MOMeHTa COTIPOTHBJICHHS 3TO TafeHnHe MeHee
pesko, xors BejuuuHa T mpu a = 90° B nsATh pa3 MeHblle, yeM NpH a == (°.

OTHoleHne % HauboJee BEJUKO IJS YIJIOB B IIpoMexyTke 15—30°.

Takum o6pa3oM, pacyeT {10 NPEIeJbHOMY COCTOSHHIO NMPHBOAMT K HauGOMIb-
el 3KOHOMHH MMEHHO IJIsi 3THUX YIJIOB. M M
X

B Tta6a. 1 npuBeneHn! Tak:ke OTHOIIEHHS jTy H 34> KOTOpbIE JaIOT fpe-
Yr X

JeJbHYI0 KPHBYIO, OFpaHAYHBAIOIULYI0  YIpPYro-mjacTudeckyilo  06JacTb
(puc. 4). Anajornynble KpHBble IJIS1 Pa8HBIX CTAHi YIPYro-IJIaCTHYECKOTO

COCTOSIHHSI MOXHO HaHTH
Tm'; no dopmyne (2.3), 3ana-
BasiCb OMNpefieeHHbIMH Be-
JHYHHAMH @ H C YOpYyroro
siapa.

M
¢ \\
bid

B

7 ——
Puc. 4.

3. lliseanepuniit npoduas NpH KOocoM H3rube

UncTolt KOCOH H3rHO IIBeJJIEPHOTO MPOGHAA OCYLIECTBJIAETCS B TOM
cjlyuae, KOTHa CHJla IPUJIOXKeHa B LeHTpe u3ruba IBessiepa (pHC. 5,Q).
[Ipu 3tom HeliTpadbHas OCh yKe He NPOXOAUT UYepe3 LEHTP TSKECTH ceye-
Husi. B mBessiepe BbICOTY CTeHKM H TNpPHHHMAaeM OT CPEIMHHBIX JHHHH
TIOJIOK, @ IUHPHHY TONKH b OT OCH CTEHKH; Xo — PacCTOSHUE LEHTPA TAXKECTH
CeYeHHd O CPENUHHON JIMHUM CTEHKM.

“‘xfj !j_( (MI) #(M’)
DA
h A
| |

1

. s >
a g 6
Puc. 5.

AHAJIOTHUHO NPeILIAYIEMY, PACCMOTPHM YIIPYryue 3MIOPhl HalpsKeHHHA
CT MOMEHTOB, MAEHCTBYIOIIMX B TIMIABHBIX IUJIOCKOCTSIX, KaK MOKa3aHo Ha
puc. 5,6 u 5,8. CymmapHasi 3MOpa 3THX HanpsixkeHHH 6yner uMeTb HyJesbie
TOYUKH Ha CTeHKe H HUXKHeH MOoJiKe, ecJM YIJbl HAKJIOHA BHEINHEeH Harpysku
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HEBEJIHKH, MJH TOJbKO Ha MOJKaxX, eCjld YMibl a GoJjbilide. PaccMoTpum 06a
cayyas,

B mepeom ciyuae, KOr4a HeHTpajdbHas OChb IlepecekaeT CTeHKY H OIHY
U3 TNIOJIOK, T. €. KOorja TpeobusiasiaeT BepTHKaJbHAsi COCTABJASIONIAs BHeLIHeR
CHJBI, 31I0pa HaNpsiKeHUH B yNPYyro-IJIAaCTHYeCKOM COCTOSIHHH HMeeT BH[,
nzobpakeHHblil Ha puc. 6,a.

ITapamerp v o603HauUaeT PacCTOSHHE HYJEBOH TOUKH SIMIOPHI CTEHKH M0
OCH X, a napaMeTp d — pacCTOsIHHE HYJIeBOH TOUKHM DIOPBI NOJKH (HHXKHEH)
a0 ocu y. [IporsiKeHust MOJIOBUHBI YIPYroro siApa B CTEHKe H TOJIKe 06O3HA-
YeHBl COOTBETCTBEHHO OYyKBaMH ¢ H 4.

e 4

Aw s, AR YE

Puc. 6.

3anuiueM YpaBHCHHsI DaBHOBECHS, HCXOAs H3 3IIOPHl HaNpsKeHHH Ha
puc. 6,a.
Hsrubaromiuii MOMEHT OTHOCHTEJIBHO OCH X paBeH

h2 c2
M, = 0.0, (x,+d)+ 0,0, (Z —p2— §) ; 3.1)
M3rH6aIOHH MOMEHT OTHOCHTEJBHO OCH Y
M,= 0.0, [(b x,):—d?— §] + 20,0cx,v; (3.2)
CyMMa IpOeKUHH BCceX CHJ Ha OCh 2 (HPOJOJBHYIO OChb CTepXKHf) paBHa
HyJmo
de
b—x,— d— 5-v=0, (3.3)

IlopcraBasis B mepBble ABa ypaBHeHUs 3HaueHue d, ONpeleJeHHOe H3
(3.3), maxomum

2
Mx—Mxl,z —Urdc (% + hv -+ v2) 5

(3.4)
at? de o
My: - 0"l‘drl’:—a_ + 0‘1‘36 Qb’l)—“ T’U »
rae M, npencrasiseT cymMMmy BeaumuuH (2.5) u (2.6).
Hcknouas o, nonquM 3aBUCHMOCTb Mexay M, n M, B BHIe
yx GTFJ ]/ 3 ) Or ) 6121 s\ _
MXT + MxT (: TF b 0-1‘ i + 3M (dcc aa ) —1. (3.5)
3necs F — nyomaib NONEpPeyHOro CeueHHsi paBHA
F=20,b+0A. (3.6)
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Ilonaras a=c =0, onpemeluM COOTHOLIEHHE MeXNy AeHCTBYIOIIUMH
¢dakTOopaMH B IIpeJeIbHOM COCTOSIHHM LIBeJliepa, NOKa3aHHOM Ha pHC. 6,0,

A B [ A B

M., " M, o o F
IMocoe 3amenst M, u M, ux pelpaxenusiun u3 dopmysr (2.8) u coorBer-
CTBYIOIIHX Tpeofpa3oBaHHi HaXOAHUM

é.
M"—QMor “ + o2 g (T 2Fb) 0, (3.8)

OTKyla IIACTHYCCKMH MOMEHT CONPOTHBJIEHHS JJIs IIBeJwlepa IIPH KOCOM
Harube

M ¢ 1/G° T./. 94
il T—Z’r VT“L_(T"E,_QFI’)' 3.9)

3neck G U L uMelOT crenylollie BblpaxKeHHs

G=— (T,-i- Fg) sin a + (T"d Fb) cos «;

. 5 (3.10)
L= "sin’ a—2sinea cos « + — cos’ «,
dc dn
Tx — nnacmuecxnﬁ MOMEHT CO‘HpO’I’HBJIeHH‘ﬂ mBeJmepa OTHOCUTEJIBHO OCH X
h2
=d,bh+0. T (3.11)

Bo BTOpoM ciyyae, Koraa HeHTpaJsibHasi och Tepecekaer o6e MOJKH, T. €.
npeo6JiafaeT TOPH30HTA/bHASL COCTABJSIONIAS BHEIIHEH CHJIBI, 30I0pa Hanps-

Jy\l}- £,
r‘I\‘"?A —._324

1y

L]

| [l - \ ol -
I x

h ! _ ! 1

ORI /% \

1 e

V4

x
;r

&

&

>N
/‘m

;M

K Y

o)

%;

Puc. 7.

XeHHH B YTPYro-NMJacTHYeCKOM COCTOSIHHU CEeUeHHSl NPHMET BHJ COIJIACHO-
puc. 7,a.
Efi cooTBeTCTBYIOT ypaBHEHHUSA

M,=0d,h(u+ d);
M,=o0d, [(b x,)Ytxi—u'—d - ] + 0.0:hx,; (3.12)

ga
2

b—2x,tu—d—g5 5 =0.
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YpaBHenusi (3.12) maioT Takyil 3aBHCHMOCTb Mexay M, u M,:

1 M2 MJ 2 2\ —
2My ( h’ +6T nD ) + 3.MJT( +a1)_ 1- (3.]3)
3nech
M, =0.0,[(b—x,)" +x;] + 6:0chx,; (3.14)
o. h
D=b—2x,— 5. 2" (3.15)

[Tpn pacmpocTpaHeHHH TEKyudeCTH TIO BCEMY CEUEHH{O IUBeJJlepa, Koraa
a4 =a,=0, ¢popmyaa (3.13) mproGperaer BuI
L( L
o, d.h®

2 My —
) + 6:6.D ) +g=1. (3.16)

It

OTMeTuM, yT0 3aBucumocTH (3.7) u (3.16) MOXKHO NOJTYYUTb HENOCPEACTBEHHO
M3 pacCMOTpeHHsi aMop Ha puc. 6,6 u puc. 7,6.

Bripasup cujioBbie (axTopsl yepe3 moMeHT M H yrosl a cormacHo (2.8)
W pelldB KBajpaTHOe ypaBHEHHE OTHOCHTeJbHO M, HaxomuM Gopmyny mist
onipefesicHnsi TpelleIbHOH Harpyskd BO BTOPOM CJiyuae

—=T=
Ur cos a

M Bl (— —D‘). @.17)

Has yrma a=90° ypaBHeHue (3.17) NPHUBOAUT K HeONpeNeJeHHOCTH

BUAA TIOCJI€ PACKPHITHS KOTOPOH TOJIYYHM

(_) ,
T=T,=d,[(b—x,)" +x] + dehx,. (3.18)

Kak cienyer w3 Tperbero ypashemusi (3.12), D=0 mpu u=d =0,
T. €. HeATpajibHas OCh COBIALAET C OCHIO Y.

Hccemyem ncxomibie cucteMbl ypasHenunit (3.1)—(3.3) u (3.12) B mpe-
JIeJIBHOM COCTOSIHMH, KOTIA € =@ = Q) =

s cayyas, Korga HedTpasbHasi OCb, <nepecexaﬂ HUZKHIOIO TIOJIKY, mepe-
ceueT CeyeHwe, HampHMep, B TOUKe m (B MecTe COeLMHeHHs BepXHeH MOJKH
cC CTeHKOH, puc. 6,6), ofe cucTeMbl ypaBHeHHE MPUBONATCS K OIHOM CH-

h
creme. [leficTBUTENBHO, TIOJAras v= 5 B cucreme (3.1)—(3.3) mmm u=xp

B cucteme (3.12), HaxoZuM OOHHM M Te XK€ BbIpaXKEHHSA

M,=0.0.h(x,+d);

QqIQn
o

2

B[ -

M= .0, [(b—x,) —d'| +o:0chxy;  b—x,—d— 5 =0.  (3.19)

U30KeHHoe MOKa3blBaeT, 4To o6e CHCTEMbl ypaBHEHHH CIpaBelJIHBBI
ISl BCSIKOTO TIOJIOXKEHHS HEeHTPAJbHOH OCH, YTO HHXKe IOATBEPAUTCS UHCJIO-
BBHIMH BeJIHYHHaMHU.

BLiuucj M IJIaCTHUECKHE MOMEHTHl CONPOTHBJEHHS mo QopMynaMm
(3.9) u (3.17) nns wBessepa (puc. 8), HMEIOIEro KOHTYP CeueHHs (IJIMHY
M TOJNUIHHY TIOJOCOK) PaBHOBEJHKHH € KOHTYpOM paHee pacCMOTPEHHOro
AByTaBpa. [IpefBapHTeJbHO ONpPEIeJUM PACCTOSTHHE Xp — LEHTPA TAXKECTH
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OeYCHHA OO OCH CTE€HKH, COBMellas 'B'CHOMOFambHle oCb Y 00 OpellHHHOﬁ
JUHHEH CTeHKH,

8, 2:10-1-5—2-035:1-0175 _

X =P = T 9.1035-1+18-0,7 o0 o (3.20)

PesysbTaThl BBIYHCJAEHHH MpHBeNeHbl B Taba. 2.

Tabauua 2

a T (ca3) T (cm?) w T My M,

rpan. |10 BoRMYAe |10 BODYYIC| oy | W | My | My,

0 253,2 260,0 232,1 1,09 0 1
10 207,7 208,3 132,1 1,57 0,373 0,808
15 189,8 188,0 109,8 1,72 0,512 0,732
30 146,6 145,0 75,3 1,95 0,756 0,501
45 120,3 119,6 60,4 1,99 0,877 0,336
60 103,8 103,7 53,5 1,94 0,927 0,205
75 97,6 97,6 51,1 1,91 0,972 0,100

90 97,0 97,9 52,3 1,87 1 0

W, Tews
\
\\
200 J)r\ AN e
‘\ \ T
\\\\ 4
AN \
100 - _ﬂ.}\
_w-/ \\u ~—
‘0—_____-.“.——— SN N
e
4 15 30 3 60 75 0

Puc. 8.

HecmoTps Ha passuyHble 3MIOPH HaNpsKeHHH NPelesbHOI0 COCTOSHHS,
coorBercrayouye dopmynam (3.9) u (3.17), ykasaHubie GOPMYJBl JAlOT
OJHHAKOBbIE MOMEHTBI CONPOTHBJEHHA (pasHuuma 1—29%) mas Bcex yrJIoB
HaKJIOHA CHJIBl H, CJAELOBATENbHO, NPUMEHHMbl AJisl JHOGOTO MOJIOKEHHS Hed-
TpaJbHOll ocH. OTMYHe 3akJio4aeTcs B TOM, YTo (popmysa (3.9) BeipaxkeHa
TOJIBKO uYepe3 pa3Mepbl {IONepeyHoro ceyeHus: U yroi a, ¢opmyna xe (3.17)
BKJIIOYAET KPOME€ TOI'0 Xo — KOOPIAHHATY LEHTPA TSKECTH CeueHHs HO OCH

4—53. 49 -
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CTEeHKH, BXOAMNY0 B BequunHy D. Hekotopoe pacxoxkleHHe B UHCJIOBBIX
pesyJbTaTax Mbl OObSICHSIEeM HETOUHOCTBIO BHIUHCJCHHH. B npasbaeiimeM ams

T
OTIpeNieJIeHts OTHOLIEHHS L, HCTIONb30BAHA saBucuMocts (3.9).

MOMEHTH CONPOTHBJICHHS B YIPYTOM COCTOSIHMH IIBeJIJepa OfpeaeseHbl
o ¢opmyne (2.14), roe W, u W, HalieHb H3 BbIpaXKeHHH

W= d,bhtoc
2 x? dchx? (3.2D
w,= 3 J, [(b—xo)2+ b_:;;] + Z__—xo

(H‘S JABYX MOMEHTOB COIDOTHBJIEHUS IlIBeJwiepa OTHOCUTEJIBHO OCH Y B3AT

MEHbILIHHK) .
& 2rw T
——
!r / 187
‘7\‘»-\0\( 150
! 1,09
1
M.
] %
| 1
— !
] %5 3 46 60 7% [7]
Puc. 9. Puc. 10.

Ha puc. 8 nokasanel kpHBble H3MEHEHHsI MOMEHTOB CONDOTHBJEHUS MJIST
WBeJWICDHOTO CEYEHHs] B 3aBHCHMOCTH OT yIVla HaKJOHA CHJIbl. Mbl BHIUM,
4TO IPH KOCOM H3rH0e MOMEHTbl CONpPOTHBJIEHHS IUBeJJIepa B3HAYHTEJNbHO
Gosibllie MO BesMYMEe, YeM Yy IBYTaBpa, HMEIOIENO PaBHOBEJNUKHH KOHTYP.
Ipn @ = 90° ynpyruif MOMEHT CONPOTHBJIeHHS B TATH Pa3, a IJIACTHYECKHIl
B JBa C NOJOBHHOH pa3a MeHblE COOTBETCTBYVIOIIMX BEeJWUHH nIpu a = 0°.

OTHollleHHe W HauboJiee BeaHKO JJ1s YriaoB a or 30 mo 60° npuuem

npu a == 45° oHo mocTuraer 2.

. M M

I'paduk oTHOWeHUH +,~ ¥ =~ H3o0pakeH Ha puc. 9.

M"r MyT

Ha puc. 10 ans paccMOTpeHHBIX TIpOGHJIEH IIPENCTABIEHO H3MEHEHHE

OTHOHIe‘HHﬁW B 3aBHCHMOCTH OT yrjla a. Kak yie oTMeyasoch, HaunGoJb-

llee OTHOLIEHHE MOMEHTOB COINDOTHBJIEHHS NJsI IBYTaBpa HaGJAIOJAeTCs NpH
MaJibiX yrjax HakjJoHa cuiael (15—30°), ans mBesnsnepa — npu GOJBLIHX
(30—60°).

CpaBHeHHe TIOKasblBaeT, YTO IPH KOCOM HBTHOe IIBeJJep ¢ paBHOBEJH-
KHM JByTaBpPY KOHTYpOM SBuIsieTcsi B OOJIbIIMHCTBE cJy4yaes 0oJiee BHITOM-
HbIM CeYeHHeM, YeM IBYTaBp.
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3akaioyenue

Ilpeanaraemblil €rnoco6 pacueTa MeTaIHYECKHX npopunell npu KocoM
H3rube, OCHOBAHHBIA Ha DacCMOTPEHHH SMIOPbI  HAlPSKEHWH [IPH HaJHYuH
TEKYHSeCTd B CEYCHHH, NAeT NPOCThie PacueTHHle (OPMYJb H yaobeH s
HPHMEHEHHS,

[Tosyuennbie pesynbraTel nokaseiBaior, yto NpUMEHEHHKEe pacyera Mo mnpe-
ACJBHOMY COCTOSIHHIO N0 CPAaBHEHHIO C PacueToM B mpefesax YIpYrocTH
IIDUBOZHT K 3HAUMTEJbHOH 3KOHOMHM MeTaJla, CBA3AHHOH Kak ¢ reoMeTpuen
NONEPEYHOro CeueHusi, Tak M ¢ YIVIOM HaKJIOHA BHEIIHe HarpysKH.

ConocraByienie 1ByTaBpOBOrO U urBesliepHoro mpoduael mosBosseT
CAGJIaTh BBIBOJ, YTO pacyeT MO NPeNeNbHOMY COCTOSIHHIO HaHGOJee BBITOJEH
AT LByTaBpa IPU MajibiX YIJIaX HAKJIOHA BHEIIHEeH CHJbI, a JUI IpeJ-
Jiepa — TIpH GOVILUINX.

JIMTEPATYPA

I.B.H. T'op6yHos u B. T. Uyauosckuil, PacyeT 6amoxk Ha Kocoil H3r{é
NpH  mIacTHYeckux Repopmaunsax, CGopuuk Tpymao Kwuepckoro CTPOHTE/LHOrO HHCTHTYTA
Bum. 11, 1935, i

2.B.H. Top6yuos u C. A. [Tanbuesckuil, PacueT cranbHmx 6ajok Ha KOCOil
M3rHG NP TJACTHYECKHX Ae(opMalHsX, »CTpoHTeNIbHasS NPOMBILIZIEHHOCTRY, Ne 9, 1939.

3. M. H Kynpssues, Kocoi H3ru6 s O6JIaCTH  IJIaCTHYECKHX negopmauuii,
Hsn. BHA um. Kyii6eluresa, Mocksa, 1940.

4. A. P. Pxanuuunn Pacyer COOPYXEHHH C YYeTOM NJacCTHYEeCKHX CBOMCTB MaTe-
puanos, CrpofiBoenMopusaar, 1949.
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HMHCTUTYT CTPOUTEJIbHOWM MEXAHMKHW AKAJEMHKH HAYK YCCP
1953 . CBOPHUK TPYZIOB Ne 18

KO3¢PHUHUEHT NOAAEP)KXHUBAIOILEIrO JEMCTBHSA NMPH H3rHUBE
JAEPEBSIHHBIX BAJIOK *

&. I1. BeasuKkun

B craThe paccMaTpHBaeTCs BONPOC O TEOPETHUECKOM H 3KCIEePHMEHTAJbHOM Ompeje-
JIeHMH BEJHUMHB K03(¢(HUMEHTa NOAJEPIKHBAIOIIEIO MAeHCTBHS NpPH H3rube O6ajiok.

Kos¢p¢uuuenT nojjepKuBalomlero NeHCTBUA oOnpelensiercs B (GYHKUHHA OT KO3p¢H-
LMeHTa BHYTPEeHHEro TPEeHHs MaTepHaJa.

[penesbHasi Hecyllasl CNOCOOHOCTh JEPEeBAHHBIX 6ajoK Tpu H3rube
JIOJIXKHA OTPELEJISIThCS He TOJbKO € yueToM 00pa3oBaHMs IIACTHYECKHX [e-
dopMauuii ApeBecHHbl, HO H C YYeTOM IOMIEPKUBAIOLIETO NCHCTBHSA YIIPYTO
HanpsiKEHHbIX BOJIOKOH, KOTOPOE OHH OKa3blBAlOT IJIaCTHUECKH Ae(OpPMHpO-
BaHHLIM BOJIOKHaM uarubaemodl Oaviky.

Camoe ofllee BbIpaKeHue IJis ONPEIESeHUS IIpelebHON Hecylleld cIo-
COBHOCTH JIepeBsSIHHbIX 6aJioK NPH H3JI0Me HX M3rH6OM, OCHOBAaHHOEe Ha Tpe-
YrOJIbHO-TPAllelOHIabHON BNIOpe HaNpsiKeHHd B NpeLesibHOM COCTOSIHHH
6aJKH H TP HaJHYHM TONAEPIKHBAIOLIEro AEHCTBHS, GbLIO MPEATOKCHO
Hamu B 1933 r. B Buie GopMyJibl

M,=Eu®o W,

rae M, — JOMAalOlHi MOMEHT NpH H3THOe NepeBSHHOH OalkH;
¢ — Koo(P(PULUEHT [O/IEPIKUBAIOLLEro JAeHCTBUS, YUHTHIBAIOIHUI IIO-
BbIIIEHHEe Hecyllled CIIOCOOHOCTH OaJslKH BCJENCTBHE MOJAEPXKH-
BaOLIEro AEHCTBUSI YIPYro HAMPSXKEHHBIX BOJIOKOH, KOTOPOE OHH
OKa3blBAlOT IMJacTHUeCKH 1e(GOpMUPOBAHHBIM BOJOKHAM,

4 — KOO(D(ULMEHT, YUHTLIBAIOUME TIOBBILIEHHE HeCylled Crocob-
HOCTH GaJKu IpU yueTe IJIACTHUeCKHX JedopMmauuil JpeBecHHb

(13 L2) 2] 0 . o

M SIBJSIIOLIMICS HABeCTHOH (yHKUMell oT = — LI KaXao

CX
(opMBI IONEPeyHOro cedenus OGajikH;

0, — TpefeJl TIPOUHOCTH APEBECHHBI IPH PaCTSIKeHUH;
Ocx — MpeIe MPOYHOCTH JPEBECHHbI IPH CKATHH BJOJb BOJIOKOH,
@& — xoa(pdunEeHT, 3aBUCSIIUA OT (OPMBI IONEPEYHOIO CEUEHHsI

M SIBJISIOUIMICS H3BECTHBIM OTHOIIEHHEM TIpelesbHOH Hecylued
CMIOCOGHOCTH GaJKU 8aJLaHHOTO CEeUeHHs! K TPeAeshbHOH HecylneH
CIOOCOGHOCTH GaJiKi CIUIOIIHOTO TIPAMOYTOJIBHONO CeYEeHHs], OIH-
CAHHOTO BOKPYT 3aJTaHHOIO CeuyeHHs (IJisl NPSMOYTOJBHOTO Ceye-
HHA Koodduuuent popmpl = 1);

W — MOMEHT CONpOTHBJIGHHS TIOT@PEYHOro CedyeHHs H3ruGaemoil
Ganku.

* B paboTe mnpHHHMaJda yuacTHe MJ. HayuyH. cotpyanmuk H. H. Tyeaucras.
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Ha npakTnke sennumuy npenesa mpouHoCTH AepeBsHHON Gajkd npH
usrube ynobuee OmpenesaTe 1mo GopMyse

M,
Oy = W = 51“@00«,

KaK DeJIMYHHY YCJIOBHOIO HANPSIKEHHsl, OTBEYAIOWLTO NpPeJeJbHOMY COCTOS -
HHIO GalKH, a BEJWYHHY TNpefeNbHOH Hecyulell CHOCOGHOCTH 6ajku TNpH
u3rube — 1o npoctofl popmyse

M,=0,W.

Besmunha npenesa npouHOCTH TIPH H3MHGE 6, MOXeT GbiTh ONpeleJieHa
TEOPETHYECKH 110 HAHJAeHHbIM HENOCPENCTBEHHO U3 OMbITAa BEJIWYHHAM Tpejesa
NPOYHOCTH MPH PACTHANKEHUH O, U CXKATHH Oy HAPEBECHHBI BJOJL BOJOKOH,

[
TaK KaK BeJMYUHBL §, u 1 D SABJSIOTCS H3BECTHBIMH QYHKIUSMH OT 7 = —

AJIST KaXXIOH W3 3aJlaHHbIX (QOPM NONEPeuHOro CeYeHHs GaJKH. Ocx
CorylacHO pesy/bTaTaM 3KCNePHMEHTAJbHbIX AAHHBEIX *, BeJIMYHHA KO3(-
rIMeHTa NOANEPKHBAIOIIETO NEeHCTBHS JJIi PasHBIX IPEBECHBIX [OPOL
B 3aBHCHMOCTH OT KO3(puuuenra g= :—p KoJeOJieTcsi B Ipedenax
CHC
1,06—1,35, umesr cpemnee 3navenme 1,18.

Besnuynna xospuuuenta TOALEPIKHBAIOMIEr0 ASHCTBHS, KaK TOKA3aJH
HallM ONbITHI **, NpH JaHHOH (opMe TONEPEeYHOro CeueHHs He 3aBHCHT OT
PasMepOB CEUEHH .

Ilpu onpenenenuu npenesibHOM ‘Hecyllelf CIIOCOGHOCTH GaJiok NpH H3rube
ToAZlepKUBaloIllee NEHCTBHE, OKa3blBaeMoe IJIACTHICCKH Ae(OpPMUPOBAHHBIM
BOJIOKHAM €O CTOPOHBI YNPYTO HANPSIKEHHBbIX BOJIOKOH, OOBIYHO, IO JIHTEpa-
TYPHBIM JaHHbIM, He NPHHUMAETCsi BO BHUMaHHe BBHAY TONO, YTO 3KCMEpH-
MEHTaJIbHbIe Pe3YJIbTAThl SKOObl He NOATBEPKAAIOT HAJHYHS TaKoro 3ddexra
NOAJdepAKHBAIOIIEro NeHCTBHS.

ITpenebperas BenuunHON KO3((HUIMEHTA MOAMEPKUBAIOLIErO AEHCTBHS,
Mbl CHHXKaeM ONpelesIeHHYI0 1O (QopMyJie BeNMYHHY HeCylled CIIoCOOHOCTH
Ganku TpuH naruGe B cpepHeM Ha 18%, ¢ xogeGaHnem or 6 no 35%. aas
pasHbIX JApeBecHbIX MOPOLL. '

OGpiyHoe HCTIBITAHHE XPEBECHHB! Ha H3rHO TO cxeMe GaJiku, CBOGOIHO
JieXKallled Ha ABYX OMOPaX, ¢ ONHHM COCPEJOTOUEHHBIM TPY30M, IPHJIONKEH-
HbIM TIO CepelMHe NpoJIeTa, HJIH C JBYMs PaBHBIMH COCDEXOTOYEHHBIMH Tpy-
3aMH, DAaclOJIOXKEHHbIMH CHMMETPHYHO TI0 06e CTOPOHBI OT CEPEeIUHBI TIpPO-
JieTa, BbI3bIBa€T 3HAUUTEJILHOE CMSATHE JPeBECHHBI TOIIePEeK BOJOKOH KaK Ha
Onopax, Tak H B MeCTax MPHJIOKEHHs! HaTPy3KH HOJ HarpPy3OUHBIMH NyaHCO-
HaMH; 3TO CMsATHE TeM OOJbIlle, 4eM Msirye JPeBecHHa.

CMsATHe NpeBeCcHHBI MOJ HATPY30UHBIMH IyaHCOHAMH BHI3bIBAET 3HAUH-
TelpHOE ocsralbJIeHHe CevyeHHs B MecTax IIPHJIOKEHHS Harpy3KH, 4To B CBOIO
ouepelb BeleT OOBIYHO K H3JI0My 06pasina Mo 3THM CeYeHHSIM H K 3HAUHTEJb-
HOMY CHHXKEHHIO TIOKasaTejeH NPOYHOCTH JAPEBECHHbl TIPH MCNBLITARHM Ha
H3JIOM TIpH u3THGe,

YiBenuuenne pamuyca SaKpYrJieHHss HAIPY30YHBIX TYaHCOHOB, IpHMeHe-
HH® Da3HBIX TBEPIbIX WJIM MATKUX TPOKJANOK INOX HArpy30UHLIMH MyaHCO-
HaMH He HCKJIOYaeT BPeAHOro 3PpeKTa CMSITHS [APEBECHHH ToMepeKk ee
BOJIOKOH. .

st McKMOUeHHST BPEIHOrO BJHMSHHS CMSTHS JPeBeCHHBl B paGoueii
yacTd obpasia HamMu Obl1 MpeisoXkeH o6pasel, € ONOPHO-HArPy30UHBIMH
roloBkaMu***, cpenuaa paGoyast 4acTb KOTOPOrO HAXOAMTCS B YCJAOBHSX

*@. I1. Beasuxin, Inactnyni nedopmanii i nixTpumyoua nis npH aruui Kepes’s-
nux 6anox, sut. AH YPCP, 1936, ctp. 56.
** D Il. benankiun, HocaifkeHus MinHocti fepes’snux Ganox, saa. AH YPCP, 1938.
*** Tawm xe, ctp. 8—13.
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YHCTOTO H3rHGA M ApEeBeCHHA He NMOJABepPraeTcss B 3TOH YacTH AJHHLI 06pasia
CMSATHIO TIONIEPEK BOJIOKOH.

Hcneitanve Ha u3ruG, mpoBeleHHoe Ha 14 IpeBecHbIX Moponax, IMoKa-
3aJ10, YTO TpeNes] MPOYHOCTH TPU H3THGe, TOJYYEHHbIH MNpPU HCIBITAHHH
00paslioB ¢ ONOPHO-HaNPY3OUHBIMH TOJOBKaMH Ha 8,5—34,0%, a B openseM
Ha 19% Bbiue, yeM Wi 06pasuoB Ge3 FOJIOBOK.

Kak nokasbiBaer cpaBHeHHe CpelHEN0 W TDAHUYHBIX 3HAueHUH KOI(PH-
LIHeHTa IOJICPXKUBAIOIUIEro JeACTBUS, TMOJYUeHHBIX M3 OINbITa, €O CPEeIHHM
H TPaHWYHBIMH 3HAYEHUSIMM CHMKEHMsI Npefesia IIPOYHOCTH IPEBECHHBI TNIPH
HCNILITAHWH Ha 00pasuax 6e3 TrOJIOBOK, BEJHYMHEI 3ITH IIOYTH MOJHOCTHIO

COBIIaaroT.
2
600 G re/em G KZ/CMZ
Cocha Se 600
ﬁ ~ ﬁ' /m ,‘09 A 6
5003 S 7013 P % 500 y ‘
400|195 3% 1 S R Sgwe
[ 4001:‘37"?:—@*——“‘“ -
300 S v B e
300
200 200
100 100
0 0
10 08 06 04 02 F 12 08 06 04 02 F
Puc. 1. Puc. 2.

SIcHo, yTO OGLIYHOE HODMHDOBAHHOE HCILITAHHE OOGPA3LOB APEBECHHbI
Ha U3ru0, NMPH KOTOPOM He HCK/IIOYEHO BpeJHOe BJHSIHHE CMSATHS JpeBe-
CHHbI TIONEPEK BOJIOKOH, He MOIJIO OOHapyXKUTb 3(DEeKT 0InepKUBAOLIETO
LEHCTBHSA, JaBas SHAUHTEJbHO NOHHXKEHHbIE TI0Ka3aTesid TPOYHOCTH JApeBe-
CHHBI IIpH U3THbe.

Has usyyenusi sddekra noamepKuBalollero JeHCTBHS TIPOMU3BELEHO
HMCTIbITAaHHE JepeBSHHbIX o0pasioB ¢opMel Kyba pasmepoMm 5 X 5 X 5 ca.
Opna cepust uCHbITaHuil NpoBegeHa Ha 00paslax COCHBI, Apyras CepHs Ha
obpasnax ny6a. Kaxnas cepus o6pasuoB pasburta Ha NATh LPYII, 110 ISTh
o6pasnoB B kaxnaoil rpynne. [lepsast rpynma, cocrosiiias M3 NSATH 0GpasloB,
HCHBITHIBAIACE HA CXKATHe BJOJb BOJIOKOH JDEBECHHbI IO IOJIHOH ILIOLLAIH
IIONEePEYHOro ceyeHHs o6pasna, a ocCTajbHble TPYNIBl HCIBITHIBAJHCH HPH
TIOMOILUH JBYX 3a’KUMHBIX IIHTOK TI0 YacTH IJOany, cocrapisiomed 0,8;
0,6; 0,4 u 0,2 or mosiHOH MJoOIAAK MONMEPEUHOrO ceueHusi obpasua. [Ipenen
TIPOYHOCTH JpeBeCHHbl ONPENeNseTcs YCJIOBHO KaK YacTHOE OT JeJieHHs pas-
pylIalolmero rpysa Ha HarpykKeHHYIO YacTh IJIOLI{ [IOTePEYHOTro CeueHUs
ofpaaiia.

PesyabraTel ucnbiTaHu#l 175 Bcex OOpasloOB W CpeNHHe 3HAYEHHA Ipe-
IeJla TIpOYHOCTH JAPEBOCHHBI NpeICTaBJeHbl Ha rpadukax (puc. 1 — 1A
COCHbl U puc. 2 — pansg ay6a). Kak Bugno ug rpaduxa, ¢ yMeHbIIeHHEM
Harpy»KeHHOH wacTd IMONepedHOro ceyeHHsi ofpasua npenes IPOYHOCTH Jpe-
BEeCHHBl CHavaJa TaxaeT, JOCTUraeT MHUHHMYyMa, a 3arTeM HayuHaeT DAacTH.

Xapaxkrep H3MeHeHHs TMpeaea MPOYHOCTH SIBJISETCS Pe3yJabTaToM JAeH-
CTBHAL JBYX (pakTopoB. [lepBbiM U3 3THX (HakTOPOB sBJSEeTCH KOHLUEHTPaLHus
HaUpsKeHHH, UMeloass MeCTo v pebep HaXKHMHBIX TJHTOK. BeanuuHa kos¢-
(HIMEeHTa KOHILEHTDPAILMN M3MEeHsIeTCs He3HAYHTEJbHO, YBeJHYHBAACh C YMEHb-
ILEHHEM JJIMHBI HAaXXMMHBIX IWIUTOK, T. €. € YyMEeHLIUeHHeM HalpyXXeHHOH
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4aCTH NJIOILAAH TONepeyHoro ceuyeHus obpasua. KoHleHTpanus HanpsukeHui
BEJET K CHMXKEHHIO Tpefea IPOYHOCTH JPEeBECHHBI.

BropbiM ¢akTopoM, BJAMSIIOIMM Ha XapakTep H3MeHEHHs Tpejesa Ipou-
HOCTH, sIBJsIeTCSl NMOLLepIKUBAlOIlee NeiCTBUe HEeHArpyxKeHHOH uacTh obbeMa
o6pasua, KOTopoe OHa OKa3blBaeT HarpyxeHHo# yacTH ofbeMa oGpasla, uTo,
€CTeCTBEHHO, BeJeT K IOBBILIEHHIO BeJHYHHb! Npefea IIPOYHOCTH APEBeCHHH.
Uem MeHbllle HarpykeHHas wacTb oObeMma ofpasia, TeM GOJbIIEe €ro HeHa-
TpyKeHHass 4acTb M TeM ‘GoJibllle TIOLIepKHBaloliee AeHCTBHE 3TOre GOJb-
woro obbeMma.

Ilpu GosblioH mJOLIAGK HAIPY:KEHHOH YacTH TOHNEePEYHOTO CEeUeHHs
ofpasua nojJepxHBaiolllee JeHCTBHE MaJlOro HeHarpyKeHHOro o6beMa
o6pa3lia HeBeJHKO M IpeBaJHpylollee
3HaYeHHe HMeeT KOHIIEHTpalus Hamps-
JKEHHH, Y4TO BeJeT K CHHIKEHHIO Ipe-
Jejla NIPOYHOCTH JpeBeCHHbl. JTO CHH-
*KE€HHe TIpejesia MPOYHOCTH [PEBECHHBI
ofpasua, €xKaroro 1o 4acTH IUIOMIaAH
NONepeyHoro CeueHHus, B CPaBHEHHH
C TIIpeJeloM IPOYHOCTH JPEBECHHBI,
NoJIydeHHBIM Ha ofpasle, CXKaToM IO
BCeH IJOUIaJH ero IoepeyHoro ceye-
HHf, TOKa3aHO Ha JIeBOH YacTH Kpu-
Bo#l (puc. 1 u 2). I'pagueHT naneHus
JieBOH 4YacTH KpHBOH Bce GoJsiee H 0o-
Jlee yMEHbIIaeTCsi ¢ BO3pacTaHHeM He-
HarpyxeHHoro o6memMa o6pasua, 4TO
OGBACHSIETCH YyBeJHUEHHEM TMOJLIEPKH-
Bawollero JAeHCTBHS, OKa3biBaeMOro
3THM 006beMOM.

D(pdeKT KOHLUEHTpPAUHH Hampsike-
tinii ypaBHHBaeTcsa ¢ 9((eKTOM, BHI3BAHHBIM MNOJJIEPKUBAKOUIAM [eHCTBHEM,
IpH MHHHMAJbHOM 3HaYeHHHM INpeleja NPOYHOCTH ApeBecHHbl. MuHHMAJb-
HOe 3HayeHHe MMeeT MeCTO TOr[a, KOrJa Harpy»KeHHasi 4acTb CeUeHHs PaBHA
0,7 F nas cocunl (puc. 1) u 0,6 F ana py6a (puc. 2). BripaBuuBaHue
3¢ ¢exTa KOHIEHTPALHMH H IOJAEPKHBAIOLIEro AeHCTBHA HabJ/I0aaerca TOrja,
KOTZla HeHarpyXXeHHas uacTb norepeyHoro ceuenus jgocruraer 0,3 F pas
cocHbl M 0,4 F pna ny6a.

C nanbHeAIINM YMeHblI€HHEM HAaTPYXEHHOH YacTH TOMNePeyHoro cede-
Husi o6pasua, a CJefOBAaTeJbHO, C NaJbHEHIIHM yBeJUYEHHEM HeHarpyXKeH-
HOro o6peMa ofpasiia npeBaJHupylolllee 3HaueHHe NnpuoGperaer 3(peKT mox-
JAEPXKHBAIOILENO JeHCTBHS, MTO H300paXeHO Ha MPaBOH 4YaCTH KPHBOM
(puc. 1 u 2), nogHuMaloweics KBepxy.

Kapruna nedopmaluu paspylueHHONO 6pycka NMpH CHKATHH IO HacTH €ro
NOTIePeYHOr0 CeYeHUs1 ToKasaHa Ha puc. 3. DTa KapTHHA yKasbiBaeT Ha To,
4YTO TOAIEPKUBAIOIICE NeHCTBHE HEHArpyKeHHOro obmbeMa obpasua, OKashl-
BaeMoe IJIaCTHYECKH IehOopMHPOBAHHOMY o0beMy o06pasiia, BO3HHKAeT
B pe3yJbTaTe <CONPOTHBJIGHHA JIDEBECHHbl CHBHIY 10 IUIOCKOCTH MEXLY
ofonmH o6beMaMH. B pesysbTaTe 3TOrO MPOMCXOAHT Tepelaya CKHMalolleH
Harpysku Ha HEHarpyXeHHYIO uyacTb ofpasua, Guiarofapsi 4yeMy TOBbIIIAETCS
HeCylllas CNOCOGHOCTb Harpy:KeHHO# yacTH obpasia.

OnbiTel Ha cXKarwe JepeBSHHBIX OOpasllOB HATJISAAHO TOATBEPIKAAIOT
nanHuie sQpdekTa MONAEPKUBAIOIIETO AEHCTBUS.

O Teopuu nMOAnEpIKHBAIOUIErO NEHCTBHS NPH H3THOe GaJKH, OCHOBAHHOH
Ha COTPOTHBJIEHHH IPEBECHHB! CABHUTY TIO TPAHWUHON TJIOCKOCTH MeXAYy Tia-
CTHYECKH Ae(hOPMHUPOBaHHBIM ¢10eM OaJKH H YIPVIO HANpPSIXKEHHBIM OOLEMOM
ee, Mbl YNIOMHHAJH BE 1ie.

Kak wusBecrno, mpy uaru6e Ganku B C:KaToM ee cjoe (pHC. 4) BO3HH-
KalOT CIBMIH, aHaJOrHM4YHbIe CIBHTAM TPH MOpocTOM cxkaTud. CHBHTH 3TH

Puc. 3.
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MPOSBJSIOTCST HAa HapYXXHBIX DPaHAX, NapaJuleJibHbIX IJIOCKOCTH H3[HG3
6aJiKd, B BHIE OT/JeJIbHbIX BEPTHKAJbHBIX CKJIaJOK, PacllONIOXKEHHBIX B pas-
JUYHBIX MecCTax Mo JJiMHe GaJku, a TaKKe Ha HapyxHo# rpanu Gaukd,
flapaJjieJIGHOH HeHTpaJibHOH TJIOCKOCTH, IAe OHM I[pPOSBJSAIOTCS B BHIE
JVHHH CIBUTa, HANPaBJIEHHBIX NOA YrJoM K OCH 0ajiki H PaClOIOKEHHbIX
B OTJEeNbHbIX MecTaXx mo aJjube Gajxu. C Bo3pacTaHHEeM H3rHOAIOUIET0 MO-
MeHTa pa3BuTHE IUIaCTHUECKHX JAedopmauuii B CXKaTOM cjoe H3rufaemoi
GaJKyl MPOUCXOAUT KaK 3a CUeT Pas3BUTHsl paHee 00pa3oBaBUIMXCS CKJIALOK
M JIHHHH CJBHUra, Tak H 3a cuyeT oO0pa3oBaHHsi M DasBHTHsS HOBBIX CKJIALOK
H JHHUH CABMIa B HOBBIX MecTaX. [locjiemoBaTeJbHOCTh O0PasOBaHUs CKJa-
BOK H JIHHWH caBura 1o JJuHe OaJKH OIpefessieTcss HAJUYHBIM pacripene-

Puc. 4.

JeHHeM MarepuaJsia 6ajKH ¢ PasHbIMU 3HAUECHHAMH IIpeJesia IIPOYHOCTH CXKa-
TOil ApeBecHHbl mMPH H3rube. JIMHUM CIBUTA, TIOABJISIOLIMECS Ha HarpyXkKeH-
HOH TIOBEPXHOCTH, TapaJuUIe/ibHOM HEHTPaJIbHOH IJIOCKOCTH, BOSHHKAIOT HOMTH
MTHOBEHHO TIPH OMpeleseHHOM 3HaueHHH H3THOaloIero MOMEHTA.

CRJIAKH Ha HapYXKHBIX TIOBEPXHOCTSX, NapalIeJbHbIX IJIOCKOCTH H3ruba
6asKy, Pa3BUBAIOTCS IO BbiCOTe 6ajKké € pOCTOM H3ruGaiolilero MOMEHTa,
nocTeneHHo NpHOJMXKasich K HefTpajbHOll myockoctH 6anku. CoryacHo
BbILIECKA3aHHOMY, CIOBHIH (BO3HHKAIOT B IIapaJjle/ibHbIX HEHTPaVIbHOH IJ10-
CKOCTH cJoAX ©Oajku., CIBUMH [OCTENeHHO PaclpOCTPaHAIOTCS OT CJ0eB
Yy NOBEPXHOCTH GaJiki K BHYTDPEHHHM CJIOfIM, JiexauuM OJIHKe K HedTpadb-
HOH OCH.

HauGosnee pasBuTasi CHCTeMa JIHHMI CABHra [OKasaHa Ha pHC. 4,C.
Yacro npH usrube GajKd PasBHBAETCS TOJbKO YacTh YKa3aHHBIX JIMHHH
cJBHTra, Kak 3T0 yKasaHo Ha puc. 4,a u b.

[pu usrube GaJk¥ B YCJOBHSX CABHIa HAXOMMTCA JIMIUb 4acTb 0GbeMa
H30THYTOM Gajiki, TaK KaK CIBMIH BO3HHKA{OT, BO-IIEPBBIX, TOJNbKO B OTAeJb-
HbIX UacTaX TO JJIHHE GaJKH H, BO-BTOPbIX, B YCJOBHSX CIBHra B CXKaTOH
30He 6anKy HAXOEUTCS JIMUIbL CJIOH OnpeleseHHON TOJILIMHBI, a Apyras yacTb
CXKaTol ‘GaJKi M BCS pacTAHyTast 30Ha OAJIKkM HaXOAATCA B yNPYyroM Hallpsi-
JKEHHOM COCTOAHHH.

ConpoTuBJeHHe CMeIeHHI0 wacTell IIacTHYeCKH /[AepopMHPOBAHHOTO
CJIOsi H3OTHYTOH Oajlku OKa3blBAlOT CONPOTHBJIEHHE CABUTY [peBEeCHHbI IO
HAKJIOHHOH INIOCKOCTH CJIBMFAa H CONPOTHBJIEHHE YNPYro HamnpsiKEHHOro
obbeMa OGajiKH, NpUJIeraiollero K MJIacTHYecKw JehopMUpOBAaHHOMY CJIOKO
H CBSI3aHHOTO C HHM.

[lpu 0o6bLMHOM CXaTHW PaspylleHHe oOpasua INPOHCXOMUT TaKxe IO
[JIOCKOCTSIM CABHra. B 3TOM cjlyyae CMeIleHHIO OTIeJbHbIX 4acTedl obpasua
TIPEHATCTBYET TOJBKO JHIlb TO CONPOTHBJEHHE JPEBECHHbI, KOTOPOE BOSHH-
KaeT MO IJIOCKOCTAM CABHIa, TaK KaK KaKUX-JuOo ympyro HamlpsiKEeHHbIX
06beMOB, KOTOpble OKasasu Gbl IOJIepIKUBAlOIee JeHCTBHE, B 3TOM CJydae
He uMeercs. TakuM oOGpasoMm, TIpH u3rHbe GaJKH CONPOTHBJIEHHE CMEIICHHIO
OTHEJIBHBIX UacTel NJAacTHUeCKH [e(pOpPMHUDOBAHHOTO CJosi Oajku OoJblue,
YeM COMpPOTHBJIEHHE CMELIEHHIO OTAeJBHBIX uyacTell o0pasua, HaXOLAUMXCS
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B yCJOBHAX MNpOCTOro cxkatus. Ilpenes NMpoYyHOCTH ApeBECHHbI NpPH CABHrE
B O0OHX CaydYasiX CJIeflyeT CYMTaTh OAHHAKOBHIM. $SICHO, YTO Yrosi CABMra
B MJIACTHYHO Ne(OPMHPOBAHHOM CJIO€ M3OTHYTOH GajiKku Gosiblle, YeM YroJ
caBHra o6pasua, paspyLIEHHOro mpH CxaTHH. ONbITHL MOATBEPKIAIOT YKa-
3aHHOE COOTHOIUEHHe MeXIy YIJaMH CABHra.

ITycTb npu cXKaTuu yrost ciBura paBeH a, TIpees MPOYHOCTH MPH CXKa-

THH -— Ocx, KacaresbHOE HalpSXKeHHe B IUIOCKOCTH CIABHIa — 17, YTOJ
CABHTa NMPH H3THGe Gajiku — o, Npelless MPOYHOCTH CXKATHIO TIPH U3rHGe —
Ocx, KacaTeJIbHO® HaNpPsiKEHHe B MJOCKOCTH CIBHra — 7',

CuBur BOSHHK@ET TOT/a, KOTJa KacaTeJbHoe HANpsKeHHe N0 HAKJIOHHOH
MJoU(aAKe CABHra JOCTHraeT 3HAYEHWs Mnpejesa IPOYHOCTH MTPH CJBHTE,
a HOpMaJIbHOe HaNpsiKeHHe II0 HOPMAaJbHOH IIoNiajKe HOCTHTaeT 3HAaUeHMus,
KOTOPOE Mbl Ha3blBaeM IIpeJesiOM IPOYHOCTH CKATHIO.

Torpa nmpu cxaruu

Ocx

= sin 2a,

npu usrube

,

LAV
7= %sm&z’.

JluHus CABHra MOABMSETCA KaK MpPH H3THOe, TaK W NMPH CKATHM TOTAA, KOTAA
KacaTe/lbHOe HalpsKeHHe MO IUIOCKOCTH CHBHrAa JOCTHTAeT Npefesa Ipou-
HOCTH JpeBecHHbl Npu caBure. TaxuMm obpazoM, GyaeM HMeTb

Ocw Ocx . ’

, .
=1 = - gin 2« = - sin 2«

28 2 ’
OTKyZa
' sin 2«
sin 20"

’ —
O = Ocx

Tak xak o/ > a u 06a ouu Gosbuie 45°, To

sin 2«
sin2a — 1"
Takum o6pasom,
O > Ocxe
B ciiyuae uarn6a 6pycka npsiMoyrosibHOTo cedenusi, npegeibHas HecyLias
CMIOCOGHOCTD €0, MPH yueTe TOJNbKO IuactofedopManuii, 6yser paBHa

M=o W.
Ecmu xpome niacromedopmauuii apeBecHHbI npu usrube GajKH y4ecTb
TaKXe MOMIePKHBAIOULee AeHCTBHE YIPYTo HalpsiKeHHbIX oGBeMOB GaJku,

TO B CXKATOM INIACTHYECKH He(OPMHPOBAHHOM cJioe GajKku OyLeT yBeJHyeH
npejen NPOYHOCTH [PEBECHHBL, KOTODBIH CTaHET PaBHLIM

;. sin 2«

Tox = Oex Gin 9’ °

Tak kak 1Jst m0GoH (HOPMBI MOMEpeyHOro ceueHHs OaaKH KoS(BOUIHEHT
6 o w

w=fm=r (o—p—) » TO B Qopmyse st OnpeneseHusi NpefieJbHON Hecyleit
CXK

CNOCOOHOCTH GaJIKH MBI ‘6'y,U£M HMETh IeJI0O C H3MEeHeHHBIM 3HaueHHeM KOS(i)-
0p
4

tuirenra ,u.’=f( ).TaKHM 00pa3oM, H3MeHeHHOe 3HayeHHe MpefebHOH

CX
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‘Hecyliel cRocoOHOCTH Gankh IpH usrube paBHO M =y oe, W. Kosppuient
MOIEPKUBAIOLIErO JeHCTBUS DaBeH

M oW ook ¢ 8in2«
§= M~ uox W ~ poex u  sin 2’
‘Taxk kak
- % 1 %

= Ocw’ - Oim
TO

7 6tk sin2e

N Ocx  sin2ad’”

Buipaxenue s Kos(HIUeHTa NOALEPKUBAIOIETO ACHCTBHS OyleT HMETb

BHL

IlpenentHas Hecylias CHOCOGHOCTb Gasiku HpH M3ruGe C YYeTOM Kak
nnacTogeopMalyi, Tak U MOMLEPKHBAIOILET0 JelCTBUs OyleT paBHa
e 1

Rt

’
M’ = otx W=?§%t0ém =

W=§‘ll(7c*W=k0'c)KW,
rae k= £ u — koo(pUIHeHT NOBbILEHHS Hecyllledl CroCOGHOCTH naruGaemoi
6aJKi TIPH ydeTe MjacroledopMaliiii H TMOLASPKHBAKOLLIEIO NeHCTBHS yNpyro
HaNpPSDKEHHBIX BOJIOKOH OaJIKu.

[Tosb3ysch BbIpaXKeHUAMH

, __ sin 2«

o sin 2a
sin 2a

5= w  sin 2¢’ ’
MOZKHO 110 3KCTIepHMEHTAJIbHO HAHAEHHbIM YI/1aM CABHIa a (IpH CXKaTHH) H a
(rpu Maru6e) HaHTH TEOPETHUECKH 3HAYeHHs Ko3(QHUHEeHTOB u, & H k anst
Mo60# (HOpMbl HONEPeYHOro cedeHusi GalKH.

[lo SKCIEPHMEHTAJHHO HANJEHHBIM YrJIaM CIBUTA, YUHTHIBAsS UIACTHGH-
KAlMIO JPeBeCHHb! MpH u3rube, HaMy GbLIM OIpe/iesieHbl SHaueHHs Koa(du-
LHEHTOB & p M k JJIs PasHbIX JAPeBECHHIX nopod (rabu. 1).

Ta6auna 1
[y}
e L
= ? : z < % & = A <
Slelelz|el 2 gl ElElE12 E\2)|:2
S|l x| &2 |E|F10 &< |86 |a|a|& |0
w | 1,75 ] 1,64 | 1,48 | 1,501 1,64|1,76| 1,37| 1,76 | 1,67 | 1,73| 1,59 | 1,76 | 1,8 1,55
& 1,15 1,22+ 1,11 | — | 1,35 1,12] 1,11] 1,26 1,06 1,18| 1,15} 1,18 1,20 1,23
k12021200165 — 2,21‘1,97 1,52] 2,24| 1,78 | 2,04 1,85| 2,08| 2,18| 1,9
|

HyxHo cKasarbh, OfHAKO, YTO 3HAYeHMs YIVIOB <CHBHra IpH CXKaTHHU
H u3rube ONPeeJsIONCs U3 OfbiTa B Pe3yJbTaTe KPHTHYeCKoro oréopa GoJb-
IIOTO WYHCJAa MBMepeHHH, TaX KaK CABUTH B OGOJBIIHHCTBE CJy4aeB HMIOT
BecbMa HCKaXkeHHyIo ¢opmy. Huxe nparorca GOpMyJibl LJjsi TEOPETHUECKOTO
ONpefeIeHHST YIJIOB CLBHTA o U d'.

[Tyctb HOpMasibHOe HaNpsiKeHHe MO MOMNepPeyHOMYy CeYyeHHI0 CXKaroro
BIOJIb BOJIOKOH Opycka OyleT paBHo o. HopmaspHOe M KacaTeJbHOe Hamps-
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KE€HUS N0 HAKJOHHOH IO, HAKJIOHHHOH IOL yIJIOM a,, GYAYT PAaBHBL: )
J— 2 .
G,= 0 COS% ay
7=0 §in «, co8 «,,

Ecin yuecTh BHyTpeHHee TpeHHe B MaTepHale CXKATOro Opycka u mHpu-
HATb KO3((HINEHT BHYTPEHHErO TPEHHsI PABHBIM [ = tg ®, TO CIABHTraollee
HallpsKeHHe TI0  BHHIeYKa3aHHOH HAKJIOHHOA Jomagke OygeT paBHO
t—fo,.

Ilocnie noxcranoBku suayeHui 7, o, U f B GOPMYJy CABHTAIOMIErO Ha-
TIPSIXKEHUS MOJYUHM

ny

. si
o sin @, cos a, — o8 ¢ o cos? «,,

OTKyJa NoCJe yNpolleHHH MOJy4uM BbIParKeHue

€o8 ax
cos @

¢ sin (@, —¢).

[IprpaBusiB NpOM3BOANYIO 3TOrO BLIPAXKEHHS HYJII0, NOJYYHM YCIOBHE
MAKCHMYMa BbIpaXKeHHs

— sin a, sin (¢,— @)+ cos a, cos (a,—@)=0,

M cos(2a, — @) = 0. Orciona MNONYyYHM TO BHAaueHMe yIJla HaKJIOHA
HAaKJIOHHOH MJIOLLAJKH a; = @, TIPH KOTOPOM CHBUT@IONIee HAIpPSKEHHE KO-

CTHr'aeT MaKCHMAaJIbHOTO 3HAUEHHS o =45°+ % .

Ilpy 3TOM 3HaueHuH yIyIa a KacaTelbHOe H HOPMAaJbHOE HanpsKeHHs
0 3TO¥ HAKJOHHOH MJoUIajike OYAYT paBHbI

g
T=05in & cos « = = sin 22 = = sin 90°+q)= 7 cos 73
2 2 2
o o .
06,=0cos?a = 3 (1+cos 2«) = 5(1——sm ?).

BesmunHa HanGosbiliero CIBHralOIIEro HanpsKeHHs 10 HaiAeHHOH
HaKJOHHOH TNMIOCKOCTH GyneT paBHa

_9 _ SN gne) | =
r—fO'n——Q[COSqJ COS(p(l sm(p)Jl
_017sing o o 93)_3
=2 Tcosg "2 tg(45 +2’—2ctga.

Paspyiuenne Gpycka oT caBura f10 HAKJOHHOH MJIOCKOCTH MOL YIJIOM a
HaCTYyNUT NPH TakOM INPEIeJbHOM 3HAUEHHH HOPMAJIbHOTO HAMpSKEeHHs N0
€ro TONEPeYHOMY CEYeHHIO, NPH KOTOPOM HauGoJblllee CIABHTAIOIIee HANps-
JKeHHe N0 YKa3aHHOH MJIOCKOCTH He JOCTHTHET BeJHYHHBI [pejesa NpOYHOCTH
JAPEeBCCHHBI CABHTY TNOA YIVIOM a

Oex —
5 ctga=1Z,

HJIH
Qr(cxzx Qrgn . ( o @
o= g =~ = 205, tg 45 +2].
ctg 45" + 7)
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\

Ias pasHbIX JApeBeCHbIX TOPOJ BeJUYHHY KO3((duilneHTa BHYTPEHHEro

" Tpenusi == tg ¢ MoxHO Oparb paBnOA 0,25—2,25. [lpepes npouyHocTH Ape-

BECUHDBI CPE3BIBAHUIO TIOJ YIJIOM MOXKHO CUHTATh WSMEHSIIOIMMCS IO 3aKOHY

1¢, =18 cos?a-t1} sin*«,rae Mpefes NPOYHOCTH JPEBECHHbI COCHBI  CKa-

JEIBAHHIO BIOJIb BOJICKOH 72, == 40 xe/cm® ¥ TepepesblBaHHIO TNONepex
BOJIOKOH 17, = 250 Ke/cM?.

[To yxasaHHBIM (OpMyJaM MOMHO TECOPETHYECKH ONpPEAEJIUTb BEeJHYHHY
npemesia IIPOYHOCTH JPEBECHHBl CXKATHIO BIOJb BOJIOKOH.

BesnunHa ko3(dulueHTa BHYTPEHHErO TpEHHS PasHbIX JpeBeCHbIX
NOPOJL MOXET ObITb JIETKO ONpefieJieHa IKCIEPUMEHTAJbHO NMyTeM HeNoCpen-
CTBEHHOTO OTpelesIeHHs] Yrja HakKJOoHA JIMHMH CIBMTa HAa PaspylUeHHBIX IDH
cKaTHH 00pasiax.

[Mo yriam caBura *, u3MepeHHBIM Ha Pa3pylUeHHBbIX NPH CKATHH 06pas-
max, 6bL1a cocraBjeHa Tabj. 2 Ko3(G(UIHEHTOB BHYTPEHHEro TPeHHS AJs
PaBJIHYHBIX [PEBECHBIX TOpod. IDTH KO3(PDHUIUEHTHl BHYTPEHHEro TPEHHS,
BEPOSITHO, MOXKHO TakxkKe IOJIyYdTb B Pe3yJbTaTe BHOPAIHOHHBIX HCIbITAHHIH
10 3HaYeHHIO JeKpeMeHTa 3aTyxauus. Kak BHAHO M3 TabJ. 2, KO3(PHUHEHT
BHYTPEHHETO TPeHHs! JJisl HEKOTODbIX NPeBEeCHBIX TOPOJ NOCTHraeT 3HaueHHH,
OOMBUINX €IHHHILDI,

Ta6banua 2

lMopona

Iy6
I'pa6
Kaen
Jluna
Axkaius
CocHa

! Yepemyxa

! Opex
Tucc

i1 Ocokopb
Bepesa

! Tonoxn
flcenn

” Oabxa

Yroa HakJaoHa

auBni casvra | 60 | 53 | 52 | 78 | 60 | 65| 60 | 72| 54 | 56 | 62| 67 | 56 | 74
B rpai.

Kosdpduuuenr

B“);_;I;i*:lﬂero 0,577|0,287/0,249/2,250!0,577(0,83910,577|1,376'0,325/0,404 0,675|0,966|0,404/1,600
q .
I

Paspyuienue NO HAKJIOHHBIM IIOCKOCTSIM CHBHIA B MJacTofedopMupo-
BAHHOM CJIO€ B C€KaTOH 30He H30THyTOro obpasua (puc. 4,) HaACTYIHT
TOJMILKO TOTrAA, KOrga OyAeT IIPeofLOoJICHO He TOJBKO COIPOTHBJEHHE JpeBe-
CHHBI CABMIY M0 HAKJOHHOH IJIOCKOCTH CABMra, Ho Oyaer TakXKe HapyHICHO
CONIPOTHBJICHHE CBfI3efl MeXAy IJIaCTHYECKH [Je(QOPMHPOBAHHBIM  CJIOEM
M YIIPYTO HaTPSiKEeHHbIM 06beMOM 00pasila o TPAHUYHOM ITOCKOCTH MEeXIY
HUMH (NapaJjuleJbHOH HEeHTpPasbHOM MIIocKoCTH). SIcHO, 4TO HOpMaJbHOE
HaTpsiKeHne, IeliCTByIollee B I[ONEPeYHOM CeYeHHH IJIacTH(UIMPOBAHHOTO
CXKATHEM CJIOSI Uew OYReT OoJiblile, yeM NpeaeJ NPOYHGCTH JApPeBecHHbl NpPH
IPOCTOM CXKATHH Ocx. YTOJ HAKJIOHA o TUIOCKOCTH CABUTA B TNIACTHOHLK-
POBAHHOM CJOoe H30THyTOro Gpycka OyaeT Takke OoJipllle yria CABHrA «
6pycKa, PaspylUIEHHOTO NpPH TPOCTOM CIKATHH. YBeJHueHHe yria cjisura o
MOMHO PaccMaTpUBaTh KaK Pe3yJIbTaT YCJOBHOTO NMOBBILIEHHS KO3(hduuHeHTa
BHYTPeHHEro TPeHHA B TUIACTH(HUUPOBAHHOM CJIO€ H30THyTOro Gpycka MO
IeHCTBHEeM JOTIONIHATENbHBIX CHJI CBsi3eH, BOSHUKAIOIIMX Ha TPaHHULe MeXAY
NJACTH(GUIUPOBAHHBIM CJ10EM H3O0THYTOH GajlKu H yNPyro HaNpPsSKEeHHBIM €€
o6beMoM. Mcrnonb3ysi M3MepeHHble YIVIBI CHBHTa** Ha paspylleHHBIX TIpH
u3rube oOpaslax, NONYUHM BeJHUHHB! KOI(PQUUHEHTOB BHYTPEHHEro TPEHHS

* &, [1. Beasuxin, [lracruuni aedopmauii i nigTpumyloua ais npu 3rEHi nepes’si-
Hux Gaaox, sua. AH YPCP, 1936, ctp. 52.
** Tam Xe.
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JIJisl PasHBIX JIpeBecHBIX Nopod (Tabt. 3). 3tu Koo HUIHEHTH BHYTPEHHEro
TPEHHSI MOXHO, BeDOATHO, TaKXe MOJYYHTb B pe3yJbTaTe BHODaLHOHHOTO
u3ru6a 1o 3HAUECHHAM JEKpPeMeHTOB 3aTyXaHHs. 3HAUHTEJNbHOE {IOBLILIEHHE
Ko3b(HLHeHTa BHYTPEHHETO TpPeHUsS TIpH H3nube cJaefyeT CUHTATh YCJOBHBIM,
TaK KakK 3TH 3HAUEHWs] yYUTHIBAIOT HE TOJILKO BHYTpPEHHee TpEHHE B Mare-
pHaJjle, HO U COTNpPOTHBJIEHHe CBsI3ed IO I'DAaHUYHOH IJIOCKOCTH MeXIy Iia-
cTUGUUUPOBAHHON ¥ YNPYrO HAaNpyKeHHOH IpeBeCHHOM.

Tabawua 3

o
[l Fl
l'lopona o) = < % » o E ’:: g 5 § é "
el el S EIS|&|EE|8 |8 |55 2]|3
H|l - | B> 0O]|l=w|<]0|O0|lw|l~!xr|OC
Yron _HaKJIOHA
JIHHHU CABHTA | 68 | 72 | 67 | 83 | 78 | 72| 69 | 81 | 61 | 72 | 72 { 75| 72| 81
B rpan.
Koadduuuenr
BHYTpeHHero |1,036(1,376/0,966/4,011{2,246/1,376(1,1113,078)0,625 l,376|l,376 1,732/1,376|3,078
TPEHHSA
|

Hmest xo3¢dHUMEHT BHYTPEHHErO TPEHHs NPH HSTHGE, MOXKHO omnpese-
JIUTh, COMJIACHO H3JIOXKEHHOMY Bbillle, BCE BEJIHYHHBI, HEOGXOAHMbBIE [J15l BbIUH-
cyenns xoddduineHra £.
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HMHCTUTYT CTPOUTEJ/IbHOM MEXAHUKU AKAJEMHU HAYK YCCP
1953 CBOPHUK TPY OB Ne 18

NMPUBJH)KEHHBIA CMMOCOB PACYETA TFUBKHUX YIIPYIHX
CTEP)XHEH

Il. H. Cemenos

B crarbe npeasaraerca NPHGMMMKEHHBI cnoco6 pacueTa THOKHX CTepXKHeH, npume-

HAEMEIX B MAlHHOCTPOEHHH H npuGopoctpoexnH. Ilpu pacuere yunthBaioTes eopmauny
KOHEUHOH BeJHYHHN H Ne(OPMHDOBAHHas cXeMa CTepIKHS.

I'nbxue ynpyrue cTepxHHM 4acTO BCTpeaioTcs B NpakTHKe, OHU npHMe-
HAIOTCA B MALIMHOCTDOEHHH, TPHOOPOCTPOEHHH H TOUHOH MeXaHHKe B Kaue-
CTBE JeTafieil peccop, aMOPTH3ATOPOB, NPYXHH. Takue CTePKHH HMEIOT
HE3HAYUTENIbHbIE IIONepeutble pasMephl N0 CPaBHEHHIO ¢ AJHHOH, a CJeqoBa-
TeJIbHO, H OOJBIIYI0 THGKOCTD.

Ilpu wusrube cTepKHS OT/ebHEIE GECKOHEYHO GJH3KHE nonepey-
HBIE CEUeHHA MOJyYaloT OGeCKOHEYHO MaJjble B3aHMHble JepOpMalHH.
CnenoBaTesbHO, K HHM MOXHO NPHMEHHTb YDAaBHEHHS TEOPHH YIPYTOCTH
(eciH  HANpsKEHHSt He NpPEBOCXOAST Mpefefa  NPONOPIHOHAILHOCTH).
Ho ceuenns, pacnosioxeHHBle Ha KOHEUHBIX PACCTOSHHSIX, MOLYT HMETb
nepeMelleHHsl TaKHX XKe [OpPSIKOB, KaK H pacCTOSIHHA MeXAy ceye-
HHSIMH,

OTi OOCTOATENHCTBA BHOCAT CYLIECTBEHHble H3MEHEHHS B PacueT rHGKHX
crepxHedl. MX Hesb3st paccuuTbiBaTH MO NMepPBOHAYATBHOH HelehOpPMHpOBAH-
HOH cXeMe, KaK 3TO OOBIYHO Je/NaeTcsi B TEOPHH MaJblX xedopMauuit (compo-
THUBJICHHH MaTepHajioB). 37lecb HaJ0 HCXOJWTb He H3 NMPHOJJHIKEHHOTO, a H3
TOYHOTO AH(PPEePEeHIHaNbHOTO YpaBHEHHsI YNIPYToil JIHHHH, KOTOpOe, SBJAASCDH
HeJIHHEHHbIM, 3HAUHTEJBHO YCJIOXKHSeT 3ajauy. 3aBHCHMOCTb MeXAy Harpys-
KaMH H MepeMeLIEHHSIMH [IepecTaeT GbITh JIMHEeHHOH, BCJICICTBHE Uero CTaHoO-
BUTCS1 HEIPUMEHHMbIM H NPUHLUHUI HE3ABUCUMOCTH JEHCTBHS CHJI H DSA APYTHX
TeopeM 00 yIPYrux cHcTemax.

ITpoBenenne pacuera ruGKHMX CTepKHeH METOLAMH CONPOTHBJEHHS MaTe-
pHaJIoB TIPHBOIUT K 3HAUUTEJILHBIM OILIHOKaM.

Bomipocy Tounoro pacyera ruGKHX CTepiKHEH MOCBALIEHBl TPYXBI MHOTHX
coBerckuX . yuernix: akax A. H. Kpwuioa, akag. A. H. Jlunuuka,
npo. E. H. Tuxomuposa u ap. OcoGeHHO BaxKHble Pe3yJbTAaTHl B STO
o6nacTd nmostyyens! JaypeatoM Craiuncko#l npemuu npod. E. IT. ITonosem.

Kak usBecTHO, ypaBHeHHe YNPyro#l JHHHH LJIs1 TIPSIMOJIMHEHHOTO CTEPIKHS
HMeeT CJIeMYIOMUH BH:

)

N

1 M
( EJ’ (1)

<
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1
TouHoe Bbipa)keHHe KPHBH3HBI 0 MOXeT OBbITb 3alUCaHO TakK:

d’y &y d*y
1 dg_  df  ds _ dg )
o ds [+dy23_ dy\’|t  cos¢’
(@) ] - (@)]
rie M — u3ruGaiouuil MOMEHT B TIPOM3BOJLHOM CeyeHHH;
EJ -— KeCTKOCTb CTep:KHS;
@ '— YTOJI WOBOPOTA TONEPEYHOTO CEUeHHS CTePXKHA NpPH JAedopMalHuH;
X, Y — KOODIAMHATBHI TOUEK YNpPYroil JHHHY;

$ — [JuHa ee JYTH.

B 3Toit cTaThe peub HAET O MPHUOIHIKEHHOM HHTETPUDOBAHHH YPABHEHHS
(1) MeToaoM nocsIe0BATeNIbHBIX NPHOMHKEHHH, MPH 3TOM BbIpaXKeHHE  KPH-
BH3HbI IIpHHHMaeTCss B (opMe SICHHCKOTO, B KOTOPOM HE3aBUCHMBIM Iiepe-
MEHHBIM SIBJIIETCS AJiMHa Jyrd. [lpunumasi 3Ty ¢opmy [OJs BbipaKeHus
KDHUBH3HEL, 3amuiieM (1) B BuIe

d’y R M 1— dy\* (3)
ds? EJ ds
A6cuuccnl Touek ynpyroit JIHHHH, a TakKe IUIEYH CHJ ONpelensioTcss Ha
OCHOBAHHH H3BECTHOTO COOTHOILEHUS

dx? + dy? = ds? (4)

$
= (11— (%Y
x—f]/l—(ds) ds. (5)-
Has yno6ersa nanbHelimero usnoxenus ¢opmyast (3) u (5) npeobpa-
30BbIBAIOTCS. HAaMH TakK:

no ¢opmyse

d M av\* ,
%=—E7V1—(d_o) ’ @)

dv\* ’
= {2 5
u f]/1 (&) o 5)

X
H u= 7 SBJAIOTCA OTHOCHTEJIBHBIMH KOOD-

B 3Tux dopmyaax p= Y i

)
. s o o

AHHATAMH YNPYIOH JIWHHH, 6 = o — OTHOCHTeJILHOH JLIHHOH JyTH, [ — pom-
HOH CTepKHS.

bynem B manbHefilleM HCXOIUThH H3 OGUIENPHHSTHIX B TEOPHH KOHEYHBIX
dedopMauuil MpesIoJIOKeHHH:

1. Hanpsixkenust He mpPeBOCXOMAT mpefesa MPONOPUHOHANBHOCTH ~— Ma-
TepHaJs cJaenyer 3akoHy Iyka.

2. lebopmanmu OT CABHra SIBJSIOTCS HEIHAUUTEJbHBLIMH 1O CPABHEHHIO
C H3THOHBIMH, H HMH MOXHO IpeHeGperaTthb.

3. IlpononbHast cHJa BbISbIBaeT TaKxkKe He3HAUHTeJbHble IethopMalluH,
U HX MOXHO He YYHTHIBATb.

INocnennee mpenmosokeHue NaeT HaAM TPaBO CUWTATh, UTO IJHHA YOPY-
roff JIMHUU He u3MeHsieTcs Hpu medopMaiyu.

CyUHOCTD NpennosaraeMoil MeTOOHKH COCTOHT B CJIELYIOIIEM.

PasnoxuM BblpaxkeHHe KBaJpaTHOTO KOPHSA B PsiI

Vl‘—(?yﬂ'%(ﬁ)’—%(%)‘"--- (6)
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- 2
Ecion BOsbMeM MNepBbIH WICH PpAfia, T. €. NPHMEM ]/ 1— (%) =1, TO

NoJIyuuM OObIUHOE ypaBHEHHE COIPOTHBJIEHUs MaTepHaJiOB, POMHTETPHPOBAB
KOTOpOe JBa Pasa, MOJNYyYHM ypaBHEHHe YNPYrod JIMHHH. JTO pelleHHe Ha3o-
BEM HYJIeBBIM [IPUOVIMIKEHHEM.

Uro6bl TOSYYHTh pellieHHe B NePBOM NPUOJMKEHHH, BO3bMEM JBa WJeHa

T [dv)\? 1 /dv\s,
pana (6), T. e. TOJOXKKM \/1 — (E’) =1— 5(3—0) TIpUYeM BHIpaXKeHHe

dv .
do GepeM M3 HyJeBOro mpHOJMKeHHs. PeluuB MoJyyeHHoe JHHEHHOe ypaB-
HeHue, HaliieM Gojiee TOUHble NAHHbIE AJS YNPYIOH JHHHH. .

Bo BTopoM npHOJSMKeHHH TIDUHHMAaeM TPH WjeHa psjga H do= sin ¢

6epeM u3 IpeiblAyllero NPUOJHKeHHs. IJTOT Tpoilecc, BOoOLle ToBOPH,
MOKHO IPOJOJIKATb H JaJjibllle, OKHAKO NpHU
P STOM 3HAUYUTEJBHO YCJOXHAIOTCA MaTeMa-
0 ¥ x THYECKHE BBIKJIaIKH.

- TakuM o6paszoM, B OTJHYHE OT OOBIY-
P HOTO MeToJa IOCJef0BaTeJNbHbIX MPHOJH-
—X i JKEHHH, 3[0eCh B KaXKAOM I[OCIEAYyIoIeM
xp npubanKeHun Oepercss Gosee TouHoe K-

Puc. 1. ¢depeHLMaNbHOE YPaBHEHHE.
JIAs uiJiiocTpanui pacCMOTPHM YHCJIO-

Bbie TIPHMEpHI.

[Mpumep 1. Haiitu nepeMelleHnsi CTEPXKHS, XKeCTKO 3alllEMJEHHOTO
Ha OJHOM H Harpy»eHHOro cujiodi P Ha BTOPOM CBOGOAHOM KoHue (puc. 1).

HsruGaromuii MOMEHT B TMPOU3BOJLHOM CEUEHHH paBeH

\7
[
)
~

Y-

1
M=—P(x~x)=—Pl@u~u)=—Pl | ]/1 ~(2) a. @)
O6o3nauas
pPl2
=55 (8)

fepenniieM ypasHende (3’) B CJIeRyIOIeM BHIE:
1

e e o ) e ®

o

OrpaHHuuBafich NEpBbHIM WJIEHOM psAza (6) M WHTErpupys MONyHEeHHOS
ypaBHEHHe C Y4eTOM IpaHHUHbIX ycjouii (npp ¢ =0 v=0 u sing= 0),
NOJyyHuM B HYJIEBOM TPHOJIMKEHHH

v=ﬁ(oz—%o3); Z—Z=2,8(o—*—12—0’); u=o. (10)

HJIwH 1epBoOro ‘HpWﬁJIxI/IQKeHHH HaJo B3dATh JBa uJjeHa yKa3aHHOTO psla

U BeJHUHHY % uz (10). Ilpu npeoGpasoBaunn ypasHenus (9) B 3TOM

IpUOJHKEHHH Hajo OTGPOCHTh WieHbl, Cofepxaiuiye f B CTeNeHH Bbille
TpeTbel. B IPOTHBHOM cJlydae Mbl COXPAHHM WIEHBl C TAaKOH CTeNeHbIO f,

. adv
KOTOPBIX He COZEPIKHTCS B BbIPaX€HMH NPOMSBOLHOH - -  TIOCJE€ BOSBELCHHA

do
€no B KBajpar, T. €. MbI ITOJIYUHJIH Obl (b»O‘pMyJIbl C HECKOJIbKHMH HOBEPHBIMH
YyJjicHaMH.
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B pesysabraTe HHTerpHpOBaHHS OyleM HMETb

v=ﬁ[(o’—%3) ‘ﬂ’(l%oz +%a4 —17—505 +%06 —3—1307)];

dv 1 4 2 7 3 1
E&“‘?ﬂ[("‘é‘“) —p(perze—ge T3~ ™) (D
2 1 1

u=o=pt (30 =50t +157)-

AHAJIOTHYHO MOXKHO MOJYdHTh (HOPMYJbl BTOPOTO NPHOIHIKEHUS.
[To atuM ¢opMysam, TpUAAaBas o pasJMUHBE BHAUEHHS B Tperesax
0—1, MOXHO BBIUHCJHTL NEPEMELISHHsT BCEX TOYEK CTepKHS.

AV
6 .
@ / A sin®Py : | Ue
/ 10 10 ————
0,5 V4 ./ ' ’ \\.l‘ L
/ 4 V ST
04 4 08 08 =
) 7 //\.. ’ V4
Va o
03 y) 06 Z 06
// a / ./ﬁ I 5 8
02 / 04 ,/ 04
o1+~ 02 02

: —a O -~ OL i
~0 02 04 086 038 g 02z 04 06 08 B 02 0+« 06 08 B
Puc. 2.

[lepemeleHne KoHIa koHCOMM (o= 1) omnpemessercs IIs HYJEBOro
npubIuKeHus Mo GopMysIaM

2 .
o v=3h sinp= u=1 (10%)

IJiS. IepBOTO TPHOJHKEHH —

2 16 , 8 4
vl=§ﬂ(1—gﬁz); Sln¢,=ﬁ(l—fgﬁ2); m=1—1g6% (1)
AJS BTOPOTO TPHOJMKeHHS —

2 16 . 752
0= 5‘?(1 —aphtt 1925‘34);

o 8, 752 4 64
sing=p(1— 158" +15757)s  w=1—156" +356% (2

Pe3yJbTaThl BbIYHCJIEHHSI 110 3THM (GopMyJiaM NpuBeAeHb Ha rpadukax
(puc. 2,a, 6, 8); TaM e NPHBEIEHBl pe3y/abTaThl TOYHOro peuenus. Ha
pHC. 2 CIUIOIIHBIMHM JIHHHSIMH IIOKa3aHbl pPe3yJbTaThl TOYHOrO pelleHusd,
TyHKTHPHBIMH — MPUOJIMKEHHOTO B HYJEBOM NPHUGJHMKEHHH, WTPHX-MYHKTHP-
HBIMH — B [€DPBOM H NYHKTHDHBIMH C JBYyMsi TOYKaMH -— BO BTOPOM
NpUOTHAKEHHH. .

U3 3tux rpaMKOB BHAHO, UTO CTelleHb TOYHOCTH HAIIero MeToAa 3aBH-
CHT OT YHcJa TpHOJIHIKeHui ¥ BeJIMUMHBI NepeMelennii. Uem Gosbiue nehop-
MHpYeTCsi CTepXKeHb, TeM MeHbille TOYHOCTb MeToja W TeM GoJblle Halo
BBLINOJHHTL Tpubukenni. OTCIOZAa MOXKHO YCTAaHOBUTH TIPENEJIbl TPHMEHH-
MOCTH (OPMYJI TOrO WAH gpyroro npubmmxenns. Tak, ¢opmymamn (11)

MOXHO Mosb3oBaThes mpu g < 0,6, dopmynamu (12) — npu < 0,7, dop-
myaamu (10) — mpr 8 < 0,3. D10 [OKASLIBAET, YTO AJS JAHHOTO NpUMepa
5—53. ’ 65
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METONnKa CONDOTHBJICHHA MAaTEPHAJOB NPHMEHHMa He TOJbKO [Js MaJblX
Jedpopmanui (npu §= 0,3 v,= 0,2 — nporu6 KOHLA KOHCOJH COCTABJSET
20% ee mauHBI). :
IIpumep 2. Onpenesnts medopmanuu CTePXKHA IPH NPOAOJBLHOM
H3IHOe € 3KCLEeHTPHCHTETOM (pHC. 3,a).
MsruGaiomuii MOMEHT B NpPOM3BOJILHOM CEUEHHH pasen

M= —N(e+yl—y)=—Nl(J+v,—v), (13)
e ¢ :% — OTHOCHTEJIbHBI 3KCILEHTPHCHTET *,

Tounoe muddepennuanbioe ypasHenue (3’) mpuMer sum

4 — ‘_1_22= 2(¢—p— l/ - @3 14
? mpaeviy) bz ge=mGji-(Z), 4
? N : N l a rae 2
* ‘ = (15)
" B
: .
v; [Ipn HyneBoM npuHGJHMKEHHH YpaB-

HeHde (14) MOXHO 3amMcaTh Tak:

d?v
Prec. 3. do? + n27)=n2(6+”1)- (16)

Hurerpupys ero u yuuThIBasi PpaHHUHEE YCJIOBHS, TIOTTY4HM
v=(0+tv;) (1—cos no);
dv

do = n(o+v) sin no; u=o, (17)
[Ipu mepBom npuGmumkeHun ypaBuenue (14) GymeT uMeTb BHZ
d 1 sdv\?
d_()"i = n2(0'+?)l ) [1 — § aa) ] . (18)

Homoabayst (17), naxomum:
LV mo=nt(+v) - T (0+0)° cos no + L@ty cos 3. (19)
do® I 8 1 8 ) ¢ .
ITocJie MHTErPHPOBaHUS BTOTO JHHEAHONO yDaBREHHS C NPABOH YACTHIO C yue-
TOM PPQHHUHBIX YCJIOBHH NOJyYHM

n?(d+v)? .
v=(d+v) [(1 = €08 o) 4 — 71— (cos no— cos 3no — 4no sin no)] ;
dv . n*(d+v)* :
do = (d+v)n [sm no + —er— (3 sin 3no— 5 sin no — 4no cos no)] ; 20)
n(d+v) .
U=0——a—— (2no—sin 2no).

Ilocnennee Boipaxenne nmomyyaencst us (57), eciM OIpaHHYHTHCS AByMS
yieHamH psifa (6) u ucnoss3oBath Bropylo (opmyry (17).

W13 dopmyn (20) BHAMM, UTO MepeMeleHHsT TOUeK OCH CTEpKHSL 3aBUCAT
OT v, — mporuba KoHUa cTepxHsa. [ljs onpemeseHus ¥, HaA0 BOCIOJB3O-
BaTbCA NepBoii M3 ¢opmyn (20), NpHMEHHB ee 14 6 = | M peluHB 3aTeM
KyGuuecKoe ypaBHEHHE.

* 31ecb Mbl MpeINoJaraeM, uTO SKCIEHTPHCHTET € He H3MEeHSeTCH B npouecce npedop-
Mauu#l (YTO COOTBETCTBYET OZHOBPEMEHHOMY eMCTBHMIO NPOIOJIBHON CHJB M MOMEHTa, npH-
JAOMEHHHIX K KOHLY cTepXHs). Ecan x®. 5KCUEHTPHCHTET H3MEHSETCH, TO BMECTO € Be3le
Hallo NOACTABHTL €1 ==e cos ®; (puc. 3,6).
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YUacTHbEe cayuyau
a) IlpomoabHas cuja paBHAa KDUTHUECKOH, T. €. 1= ;— . Hns onpene-
JIEHHs TlepeMeLleHHH KOHIA KOHCOH (opmyJbl (20) NPHHHUMAIOT CJeRyioLInik
BHJ,:
V= % Y¥20—d;  sin = 2Y20—24; u,=1-— V4oe, 2n

Aty GopMysaBl NPOCTHl U AAICT XOPOLUIYIO TOUHOCTE.

6) Ixcuentpucurer 6 =0 (IEHTPAJbHBIH NPOXOJbHEIE wu3rub). Ilepe-
MeILeHHs] KOHIA KOHCOJH ONPEREeNSIOTCs MO (opMyaam

4
n|sintn—ntgn
sin 4n—4n .

cos n(sin® n — n tg n)%’

2(2n—sin 2n)
u=1— n(sin*n—n tg n)’

sin g, =

Mo amum ¢opmynam mocTpoensl rpadukd (puc. 4 — NYHKTUDHBIE
JMHUH); TaM Xe CIVIOIIHBIMY JMHHSAMU HaHeCeHbl Pe3YJbTaThl TOYHOTO pelle-
N
Hust. ITo ocu abcumce Ha pHC. 4 OTJIOXKEHb BeJHUMHBI ApaMeTpa p= N
9 ]
n’EJ .
roe N, = 5 B npemesnax paccmarpuBaeMuiX nedopMmaluil CoBHajeHHe

xopoiee; ownbka MeHee 29%.

Ve sin¥y u,
05 > % 10 = i
04 £ 08 - — 08
s / / | //
0.3 06 /” 06
7 . ; 6 ,

022 - 04 04

o1 / 02 / - 02

I

00

) 00 L 00 _ L
10 102 104 106 108 1,10 p 10 102 104 106 108 110 i Af,O 102 104 106 108 110 B
Pue. 4.

HM310xKeHHbIA ¢N0CO6 6e3 0COGLIX 3aTPYAHEHHH MOMXKeT GbITh NPHUMEHEeH
B TeX CJy4asX, KOTla MSTHOAIONIMA MOMEHT MSMEHSeTCs 10 JJIMHE CTePXKHS
HENpepLIBHO, HAampHMep MPH pacnpeleeHHOH 1O [JIHHE  I10TepeyHoi
narpyske. IIpu npousBoibHOM M3MEHEHHH MOMEHTA YCJOMHAETCS OlpefeJie-
HHE IPOU3BOJIBHBIX TOCTOSHHBIX,

C TOYKH 3pEHHsI TOYHOCTH HAHHBIA METOJ SIBJISETCS NPHeMJEMbIM, KOFIa
paccMaTpuBaeMble lepeMellleHHsI CTePXKHS OrpaNHJYedbl N0 BeJIUYHHE. DTH
nepeMelleHHs] YCJIOBHO Ha3BaHbl CpelHUMU. B ciyuae GoMBUINX MepeMeleHHit
Halo NOJIb30BATBCS. TOYHBIM ypaBHEHHEM, pelllaeMbIM, HaNpUMep, MeToJaMu

npod. E. I1. Ilonosa.
JIMTEPATYPA
I. E.Tl. TTonos, Teopua u pacyer THOKMX YNOpPYyrHX fAeTaqefi, H3x. JIKBBUA,
Jlenmurpan, 1947.

2. E. II. [TonoB, Henunefinble 3afaud CTATHKH TOHKHX crepxHedi, [ocrexusgar,
1048, Tam ke cM. Gubanorpaduo.
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WUHCTUTYT CTPOUTEJIbHOM MEXAHUKU AKAJEMUWU HAVK YCCP
1953 CBOPHUK TPY OB Ne 18

KOHTYPHBIE OCOBbIE TOYKH KPHBOTrO CTEP)XHSI
| B. H. Oxc |

B HacTosmiell cTaTbe H3JIOXKEHBl Pe3yJ/LTATH HCC/IeJOBAHUSI KOHTYPHHX OCOOBIX TOUEK
KPYroBOTO CTeDXKHS MpH [eHCTBUM HA KOHIHI €ro pas/HYHbIX Harpy3ok. ITokasaHo Kak,
3Hasd INOJIOXKEeHHe OCOOHIX TOYEK, ONPeleJHTh XapaKTep NPHIOXKEHHHX K KOHIAM CTepXKHSA
Harpysok. CTaTbsi MOXeT ObITb HCIOJNb30BaHA TIPH SKCIEPHMEHTAJbHOM HCCJeJ0BAHHH CTEpXK-
HEBHIX CHCTEM ¢ KPHBOJMHEHHBHIMH 3JE€MEHTaMH [OJIsPH3aLHOHHO-ONITHYECKHM MEeTOLOM.

B MauigHax W CTPOMTEJbHBIX KOHCTPYKIHAX O60JbIIOe pacnpocTpaHe-
HHE HMEIOT CTeDXKHEBble CUCTEMBl € KDHBOJHMHECHHLIMH 3JIEMEHTAMH TakHX
pasMepoB, UTO WX HeJb3s PACCUMTAThb HH OObMHBIMH TpHEMaAMH CTPOUTEINb-
HOM MeXaHHKH, HH MeTOJaMH Teopuu ynpyrocTH. HJs pacuera 3ITHX KOH-
CTPYKUHH MOXKeT GbITb NPUMEHEH I0JSPU3alHOHHO-ONTHUECKHH MeTOJ, Hccle-
JIOBAHHSI HaNPsKeHUH.

[TosyyaeMast ¢ [OMOINBIO 3TOTO MeTOAa KapTHHA MOJNOC (CEMEHCTBO
H30KJHH) MONEJSH KOHCTPYKUHH IO3BOJISIET C JLOCTAaTOMHOH IIPaKTHYECKOH
TOYHOCTBIO ONPENEJHTh IOJIOXKEeHUe CeYeHHH, B KOTOPHIX H3rHOaiole
MOMEHTHl paBHbl HyJIO. ECiM noJoxKeHHe TaKHX CeYeHHH H3BECTHO, TO IOCJe-
OVIOIIHH AHAJUTHYECKUH pacueT MOXKET ObITh 3HAUUTEJbHO YIPOIIEH.

CeMeiiCTBa 1OJIOC M HM30KJWH B paiioHe TOYeK Teperdba B MpH3MaTHUE-
CKUX CTEPIKHSAX IIPSMOYTOJBHOTO CeyeHHsi NOLPOOHO H3yueHbl. M3yueH Takxke
OJHH YaCTHBbIH CJyuall uaruda KPHBOTO CTEDXKHS.

B wmacTosilied cTaTbe HCC/ENOBAHBI HEKOTOPble OCOOEHHOCTH H30KJIHMH
H KapTHHBI TIOJIOC KPYTrOBOTO CTEPIKHSI MPSAMOYTOJBLHOTO CEUEHHS.

PaccMorpum Tako#l cTepikeHb, 'OIMH KOHEIL KOTODOrO  3allleMJIeH,

[ W

{

Puc. 1. Puc. 2.

a K IpyroMy IpHJOXKEHA Harpyska, cocTosinasi u3 Cujbl P u uarufarpliero
MoMeHTa M. DTy HArpy3Ky MOXKHO 3aMeHHTb ONHOH cuJyiol P, orcrosiuieil or
M

KOHLA CTEPHKHS Ha PACCTOAHUH [ = % (puc. 1).
B saBucuMoCTH OT paccTosiHHS [ 3MiOpHl H3rHOatoUHX MOMEHTOB H COOT-
BETCTBYIOLIYE MM KapTHHBI I0JIOC MMET CIedyIoLuld Xapakrep.
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1. B ceueHusix, B KOTOPbIX H3ruGaIOMUA MOMEHT WUMeeT HaubGoJblliee
HJIM Ha¥MeHblllee 3HAYEHHE, TIONEPeYHasi cuja paBHa HymMoO (puc. 2, ceueHus
A u C). KapruHa mnosoc CMMMeTpHUHA TIO OTHOLIEHHIO K 3THM CEUCHHMM.

2. Tlo Mepe ynajieHust OT ceueHHsl, B KOTOPOM H3THOAIOUIHA MOMEHT
uMeeT HaubOJbllice 3HAUEHHE, TNOJOCHl NPUGIHKAIOTCS K OCH  CTepHKHS
(puc. 3,a). Ilo mepe ynajeHHsI OT CeYeHMs, B KOTOPOM HM3THOAIOIHI MOMEHT
UMeeT HauMeHbllee 3HauyeHue, TIOJOCHl GTAAJNSIOTCA OT OCH  CTepXKHA
(puc. 3,6).

Puc. 3.

3. B OKpecTHOCTH ceyeHHs, B KOTOPOM H3rubaromuii MOMeHT paBeH
Hymo (ceueHne D, puc. 2), KapTHHA MOJIOC MMEET BeChbMa XapaKTepHbIH BHA
(puc. 4), MO3BOVIOLINA OTIWYNTL 3TOT yUACTOK CTEPIKHSA OT BCEX OCTaJbHBIX
H C JOCTATOYHOH TOYHOCTBIO YCTAHOBHTH IOJIOXKEHUE
TaKOrO CeYeHHs.

OcraHOBHMCS Ha 3TOM Bompoce mnojapoGHee. Pac-
CMOTDHUM CTepPKeHb, HMEIOLIHH KPYTOBYIO OCb U IOCTOSIH-
HO® CeueHHe NPAMOYTOJIbHOH (OopMbl
(puc. 5).

HailineM HanpsxeHus, BO3HU-
Kalollie Ha KOHType 3TOro CTepx-
s npu gefictBun cuanl P. Tlpen-
CTAaBHM 3TH HaNpsXKeHUs B BHIE
CYMMbl HamnpsiZKeHHH, BO3HHKAIOUIUX
npu nefictBud B cevennun OB wuaru-
Gatouero MoMmeHTa M H monepeu-
HOU cuibl P.

Puc. 4. Bocnonbsyemcs NOJISIPHBIMH Puc. 5.
KOOpJAHHATAMH, BBIOpaB HayaJbHBIN
paguyc-Bektop B nosoxenun OB.

Hanpsienusi, BO3HHKAIOLHE B CTEPXKHE NPH AefcTBUM B cedenun OB
cuyinl P, Moryt ObiTh BblpaskeHbl ¢popmysaMu usrnba Kpusoro Opyca: s
Hapy»XHOro KOHTypa

2P .
a(;b= m(ﬁ’_l) sin 6; (1)
1
AJIsi BHYTPEHHEro
, 2P ., .
o= m 82—1) sin 6. (2)
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Mampsikennsi, po3Huxalomue B cTepXKHe MpH JgeHcTBHH B ceueHun OB
TOJIBKO MOMeHTa M, MoryT ObiTh BbIpaKeHb GOPMYJaMH YHCTOrO uaruba
KpHBOro ©pyca: IJisi Hapy»KHOTO KOHTypa

. 4M
0= gt F*17210), 3)
I B‘Hy’l‘peHHero
[T 4M 2 —1 — 2
0p =" N E 17261 p). (4)

b N "
B atux ¢opmyaax ‘3=E’ @ — BHYTPEHHHH, a b — HAPyXHHH PajHyCH

crepxHs, Ny=1—p82+(1+p% In B, N:=(82—1)*—4p2(In B)%.
[Ipu coBmecTHOM nelcTBMH Cuibl P u usrubaromero mMomeHra M Hanps-
JKEHHS Ha HapPyXHOM KOHType DPaBHbI

gy, = 0'go 0y, )

0
a Ha BHYTPEHHEM —
aez=0‘6a+69a. : (6)

Touky Ha KOHTYpe, B KOTOPbIX HATIPSKEHWS 0gs M 0g, PaBHb HYJIO,
SIBISIIOTCH OCOOBIMM TOYKaM¥. B Kaxnolfl ocoGoll Touke CXOAATCA H3OKJIHHDI
pasHblx NapameTpoB. [loOCHl 8 OKPECTHOCTH TaKHX TOYeK IIPeACTaBlIsioT
co0oll YacTH OKPYKaIoDIMX KaXKAYI 0co0YI0 TOuKy oOBajioB. IlosToMy 0cCO-
6ble TOYKH MOXKHO IIPOCTO M JIETKO HAaHTH NpPU NOMOIIH ONTHYECKOro MeTola
HCCJleloBaHUs Hampsikenu#. IlpupaBHsB mpaBble YyacTH BbelpakeHud (5)
H (6) HYJIO ¥ 3aMEHHB B HUX COCTABJSIOUIHE HaNpsxeHU# Ha OCHOBAHMA
¢dopmyn (1)—(4), noaydyuM CHCTeMy ypaBHeHHH, H3 KOTOpOH HailigeM 3Haue-
HUA 6, H 0p, onpelessIONIHe NOJOKEHHSI OCOOBIX TOYEK Ha HapyXHOM
H BHyTpPeHHeM KOHTypax,

o 28lng—p+l N, I
sin 6,=2 F=1 N.'a’ )
o p—1—2Ing N, !

sin 6,=2 71 ‘3N2 o ®)

ITpu MOMOILN 3THX BbIpaXKEHHH MOXHO ONpPEAENHTH IOJIOXKEHHe CHIbl P.

Herpyano mokasartb, 4To yrisl 6, H 6, HMEIOT OJMHAKOBble 3HAKH
H yrosi ¢, Mo aGCoJIOTHOA BeJimuMHe OOJiblile yria 6, npH4YeM, eCaH
[>0, 10 |6|>]6,]>0.

Orciona chenyer:

1. KaxnoMy 3HaueHHIO ! COOTBETCTBYeT He Gojiee IBYX OCOGHIX TOYEK
Ha KaXIOM KOHTYype.

2. Ilpu 3HauyeHUH 7= UMeITCSl JABe Tapbl 0cOObIX TOYEK, paclio-
JIOXEHHBIX Ha BepPTHKaJbHOM JuaMeTpe (pHc. 6,a).

[
3. Tlpu ypesiHueHUWH OTHOWICHHs — 0COObIe TOYKH Ha HaPY>KHOM KOHType

c6auKatoTcs ObiCTpee, YeM Ha BHyTpeHHeM (puc. 6,0). dororpadusi KapTHHbL
TIOJIOC JUIST 3TOTO CJy4yasi TI0KasaHa Ha pHC. 4.
4. Tlpu 3naueHHH

l 12 ﬂz_l Ng

a a f—1—2Ing N,
ocofble TOUKM HAa HapyXHOM KOHTYpe CJHBAIOTCA B OAHY TOouKy (pHc. 6,0).
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. )
5. HPH AaJbHCHIIEM BO3paCTaHHH OTHOUIEHHUs E ocofast TOUKa Ha

HapyXHOM KOHType Hcuesaer (puc. 6, 2). Pororpadus KapTHHHI MOJOC A/
3TOrO CJyyas IokKasaHa Ha pHC. 7. -

lP

Puc. 6.

6. Ilpu 3HaueHHU
l 12 ﬂ2_ 1 N’

a a 28mmp—p—1 N,
oco0ble TOYKH Ha BHYTPEHHEM KOHType cumBaioTcsi (puc. 6,0).

7. Tlpu naabHeiilieM BO3PaCTaHUH OTHOLICHHS ! ¥ 3Ta MOCJENHSI 0CO-
Gasi TouKa ucuesaeT (puc. 6,e). a

Ilpu onpeneseHHH MONOXEHHSI CeyeHHS,
B KOTOPOM H3rHOAIOIIHH MOMEHT paBeH HYJIO
(Touka mnepern6a), B HEBBICOKHX CTepXKHSIX
MOXKHO INPUMEHHTb OMHCAHHEIA HHIKE TPHEM.

PaccMoTpuM cTep:keHb NOCTOSIHHOIO ceye-
HHSl, [/ KOTOPOTO., OTHOILEHHEe CpEeIHEro
a+b

2

h = b — a Bequko. PasioxuM ycHiHe B TOYKe
neperu6a Ha JBe cocraBisiomue Q u N
(puc. 8). Hasrubaroluii MOMEHT B CEUEHHH,
NpoxoAsLleM depe3 To4Ky A, paBeH

M,=Qrsin6,+Nr(1—-cos 0,),

paanuyca r= K BBHICOTE CeUYeHHsd

a HOpMaJ/IbHOe YCHJIHE B ITOM CeYeHHH PaBHO
N,=Ncost,—@sinb,.
Hanpsixxenue B TOuKe A onpenessieTcs

o ‘MA 1 A 1174
OpMYJIOH = — = —, T —_— -
¢opmy. G, Wt F The MO
MEHT CONpOTHBJeHHs, a F — mjomanps momne-

PEUYHOTO CeYeHHS CTepIKHS.
Ecnu touka A ectb ocofas Touka, T. e.
B HEH Hanpsi)KeHHs PaBHBl HYJIO, TO AJS Hee

Qro, N—Qb,
6 =—2A4 " _“4_
4 w + F 0, Puc. 8.
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Tak Kak yroa 64 man. Orcroia

SN 1
4= Q  rF ’
(w +1]
TOYHO TaK e, eci Touka B — oco6as Touka Ha HapyKHOM KOHTYype, TO
Ans Hee
N 1
B @ rF
[ +1)
CaenoBaTeNibHO,
6
0A=OB= § .

Takum o6pasoM, TouKa mepern6a JIEKHT NPUGH3HTESBHO Ha Iepece-
YeHHH OHCCCKTPHCHI yrila MexIy JABYMS palHycaMd, TPOBENEHHHIMH uepes
0cO6Ble TOYKH, H OCH CTEPXKHS.

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

UHCTUTYT CTPOUTEJAbHON MEXAHKWMKH AKAJIEMHH HAYK YCCP
1953 CBOPHHK TPYJIOB Ne 18

JAHUHAMHUYECKASS YCTOHYUBOCTb JABYTABPOBOH BAJIKH
MPU BHEUEHTPEHHOM JAEWCTBHH NEPHOJHYECKHX CHUJ

B. E. Caauon

B crarbe paccMaTpHBAIOTCH HIrHGHO-KPYTH/IBHHE KOJEGaHHst BHCOKOH JBYTaBpOBOM
Ganx¥ noj JeHCTBHEM NPONONLHHX NEPHONMYECKHX CHJ, NPHJIOKEHREX SKCIEHTPHYHO.
B pesysbrate uccienoBaHus AHbOepeHUHANBHOTO YPaBHeHHs NoJyyeHa Ieppas oGaacTb
NapaMeTpHYeCKOro pesoHanca. Jta oGracTb CIpaBelJHBa [Js CJyyas, KOTAA SKCIEHTpH-
CHTET MPUJIOXKEHHS CHJIK BeJIHK.

JuHamuyeckas yCTOHYHBOCTD TIOCKOH GOpMbl usruba IIPH BHELEHTPeH-
HOM [eHCTBHHM IPOLOJBHBIX TEPHOLHUECKHX CHJI HMeeT GOJIbIOoe MpaKTHUe-
CKOe 3HaueHHe NPH pacyeTaX BBICOKHX [BYTaBPOBbIX GajjOoK Ha MIMHAMHUE-
CKYIO Harpysky.

Hast 3Tofl nesn paccMOTPHM cJayuad, KOraa IO KOHIAM GaJKH B IJIaB-
HOH TIJIOCKOCTH u3ru6a  JedCTBYIOT

3KCIEHTPHYHO NPUJIOKEHHBIE TIPOJOJb- —P, cosw P, coswt —
Hble IepHOAHYeCKHe cuibl (puc. 1), —h‘
>
KOTOphleé H3MEHSIIOTCA 1O 3aKOHY g L 11,
P; = Py cos wt, (1)
e
raie Py — amnauryaa NPOMIOJbHOM y
CHJIHI, Pac. 1
w -—— KpyroBasl 4acTtoTa H3MeHe- -
HHSI CHJIBL

Haunem c BriBosa aubdepeHUHANbHOTO ypaBHEHHS 3ajauH.
Hupdepennnanpioe ypaBHeHHe H3THGa GajlKi B ILIOCKOCTH HaHMeHb-
LIed JXeCTKOCTH HMeeT BHI,

d*u
B, phe (Myp— Pyt cos wt, 2)
rie By — XecTKocTb 6ajku Ha u3ruG B HaMMeHblIeH [JIOCKOCTH,
u — O60OKOBOe mepeMellleHue,
@ — YroJ 3aKpy4YHBaHHsi TIPH BHUTYYHBAHHH OAaJIKH,
Mo — usrubGaolHi MOMEHT Ha KOHILAX GajiKu.

¥Yros 3akpyuMBaHMs TPH BLIMYYHBAHHH GaJKH olpejessieTrcss w3 Kudie-
pPeRIMAJIbBHOIO YPaBHEHHUs BHIA

Dh? d%p dp du
2 de Cap=tocosot: g, (3)
rae D — >KeCcTKOCTb MOJIKM Ha H3THO,
C — KeCTKOCTb CTeHKH Ha KPYuYeHHe.

73

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

Junddepennnpyem paseHcTBO (3) mo x, HMeeM

DR d'g d¥p atu
2 dxt O = Mocos et s @)
U d?u
CKlouas - H3 PABEHCTBA (4) ¢ momMOWBIO ypaBHeHHs (2), MOJyduM

DIdy Ay Moy Lo
_Q_ 'a; dx? = Bl (Mow Pou) cos? wt, (5)

TIpucoenunss CUJibl WHEPUHY, NPUXOASAIMIUECT HA IUHUIY IJIHHBI GaJiKi,
nojyuaeM caenyioiiee auddepeHIHaNbHOe YpaBHEHHEe HITHGHO-KPYTHJBHBIX
KoJeGaHuil OaJKu:

Dhtdtp _ Oy _ (Mig— MPucostot _ Iy _ o ©)
2C ox*  ox? B,C Cox®ot® ~ 7’

rae Im — MOMCHT HHEPUMH €JMHHLb! JJHHBI GaJKH.
Ilepenuiem 3TO ypaBHeHHe B TakoH ¢opme:
Dh®:o¢ 0o%¢ M, cos®wt I, o9 M,P,u

—r __ZFr _ T Xr M, —_— 3
W aw BC Y C avp—— mo s ()

Jns KpaTkoCTH OO03HAYHM >0 =gqs,

310 nuddepeHnanbHoe ypaBHeHH€ YETBEPTOro MNOPANKA C TepuoAHYe-
CKHMH KOB(HUILIEHTaMH H ¢ IPaBoOH MacThIO.

Pemenue ypaBHeHusti (7) OylneM uQKaTb B ¢opme

o(x, H=WwW(1) sin’%‘; u(x, H)=7(%) sinin;—x,

@®)
rae W) u () — GYHKIMH TOJBLKO OT BPEMEHH.

Ecnu moacraBuTh 3TH 3HaueHHs1 B ypaBHeHue (7), TO TOJYYHM HEOAHO-
ponuoe aubdepeHnHanbHOe ypaBHeHHe 1as1 GyHKuua W(f)

d*w , M M,P, .
o +0n{1 a1, 08 wt}W— B 710 cos* ot ©)
2n2a2
rone 6l =+— (1+ B ) — KBajpaT YacTOThl COGCTBEHHHIX KPYTHJ/b-
HBIX KOJeOaHui HOpsaiKa n,
n*n® n*n*a?
= T(1+ )BIC_ KBaJpaT KpPHUTHYECKOrO MOMEHTa JJs
l r 6aJxy,

_ n?n?B, . 6
Pop= Iz — 3i/IepoBa KPUTHYECKas cHJIa ajaa 6anakH,
Jnst xpaTkocTH sanucu nosoxum M : Mg, =bn; Py: Pp=m.

Teneps ypaBueHue (9) mnepenuiercsi TaK:
dazw mM
hadiiAd 62 — h? 2 — 0 9 X
ar + 63{1 — brcos? wt} W = 7. Cn(t) cos? wf (10)
YyutbiBas, 4TO
1.1
cos? wf = 5 + 5 cos 20t, (11
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IuddepenunasbHoe ypaBHende (10) nepenuireM Tak:

aw ba brcos 2wt mM, .
e (1— 2){1~ or | W= a1 g1 +eos 20 (12)
2(1-73

2

bll 1
AJ KPaTKOCTH 0003HAYNM 5 = qn.

O6umii nuTerpan auddepeHuranbHoro ypasHenns (12) pasen cymme
ofiiero HHTerpaja <COOTBETCTBYIOIIEIO YpaBHeHHs 6e3 INpaBod uacTH
H KaKoro-ju60o yacTHOTO MHTerpaJja AaHHOTO ypaBHeHus. OQHOpOAHOE YpaB-
HEeHHe SBJSETC B 3TOM cCJydyae ypaBHeHHeM Marbe, 'H ero HHTErpaj
uspecTeH. UYTo e KacaeTcsl YaCTHOI'O HMHTerpasia JaHHOTO YpaBHEHHs, TO OH
' MOXeT ObiTb I0JIy4eH METOJOM TIOCJIeLOBATENbHBIX TIPHOITHKEHHH,

Jas sTolt mesin mpencTaBuM ypaBHeHue (12) B Buue
da*w mM,

A H] — 2,2 2.2 —
i + 6, W="0%q, W+ 0,q W cos 2wt o1, C

7(#)[1+cos 2wi]. (13)

YpaBHeHHe NepBOrO NpHOIHXKEHHs Gyner
LW oy
2177+0“W——2I,,,C

ypaBHEHHe BTOPOIO NpHOJMXKeHHs Oyger
dzw mMo

a’w ST
dt: TOW="or o

7(f)[1+cos 2wi];

(H[1+cos 2ut]+OrgiW

H T I
I oueHKH yCTOHYMBOCTH NBHKEHUs DacCMOTPUM OIXHOPOAHOE YypaB-
HeHue

aw . gr cos 2wt
—_— 2 — 2 - T — 4
a5 - 1= T w=o. (14)
[lepBasi o6nacTh MapaMeTPUUECKOTO pe3oHaHca Oyner
M 20 M;
V4+31—”7p>/‘0—. >V4-3E;, (15)
rae Mo = Poho.
JIUTEPATYPA

1. Henomei#, [uHaMHUecKass YCTOHYHBOCTh aBHAKOHCTPYKuHuH, 1939.
2. Yurrexkep n BatcoH, Kypc coBpemenHoro ananusa, T. Il
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HMHCTUTYT CTPOUTEJ/IbHOVI MEXAHUKU AKAJEMUU HAYK YCCP
1953 CBOPHUK TPYZIOB Ne 18

PABOTA CTAJIbHBIX HEPA3PE3HbBIX BAJIOK
B YNIPYIO-IJIACTHYECKOW CTALHH NPH NOABH)XHOH
HATPY3KE

H. JI. Kydun

B cratbe u3nokenbl De3yJbTaThl HCHOLITAHHH ABYXIPOJIETHHIX 6aloK MpH IOABHKHOM
Harpyske. [lna cpaBHeHWs: DpDHBENEHH JaHHHE MCOEITAHHA TAKHX e 6aJoK NpH CTaTH-
4ecko# OJHOKPAaTHOH H NOBTODHOH Harpyskax.

Beenenne

B oreuecTBeHHOH M 3arpaHHYHOl JHTepaType HMeeTCss HEOOJIbIIOE KOJIH-
YeCTBO PaboT, TOCBSILIEHHBIX HCCIeL0BAHMIO PabOThl HepaspesHbIX GaJgoK TmpH
NOABHIKHOH Harpyske 3a HpeleJioM YIPYTOCTH.

B 1932 r. I'. bueiix [1] onyOauKoBasl TEOPETHUECKOE HCCJIELOBAHHE,
MOCBALLEHHOE 3TOMY BOMpocy. TeopeTHuecko paboTofl SBJsSRTCS TakKxKe
crathsl J. Mejyana (2], B k0oTOpo# Haercs ofillee JOKa3aTeJbCTBO II0JOXKEHHH
Baeiixa.

HauGosee nosHO TeopeTHUECKH HCOCAENOBaJ PpaboTy HepaspesHhX 6ajiok
Npu TOABMXHOH Harpy3Ke B YIpyro-maactudeckodl cramuu JI. M. Manamedr
[3]. OH moUry4usT pe3ysbTaThl, BeCbMa MaJo OTIMYAIOUHECs OT De3YJbTaTOB
I'. Baefixa, B yacTHOCTH IJIsi JBYXIPOJIETHO# Gasiku NpefesbHas Harpyaka
nosayunyiack Ha 3,8% wmeHnlue, yeM y Dueiixa.

K. T. IIporacoB uccienoBat pabory ¢epM TIpH MORBUKHON Harpyske [4].
On paccmatpuBaeT U HepaspesHble GaJiku, NpHyeM 0oJiee TIPOCTHIM CHOCOGOM
TOJIyuaeT pe3yJibTaT, coBOafaloliuii ¢ pesysibratoM bBuaeiixa.

B, paGore A. A. I'Bosnesa [5] Takxke naHO HcciefoBaHHE DabOTHl ABYX-
TIpOJIETHOH OaJIKM IPH MOJBHKHOH HATPy3Ke M TIONYyYeHO 3HaueHHe NPeNeJib-
HOH HAarpy3ku Takoe ke, KaKk U 1o Teopuu Dieiixa.

DKcrepuMeHTaNbHbBIE HCCIELOBAHHUS MO NAHHOMY BONPOCY, CyAs IO ONy-
OMuKOBAaHHON JIMTEpaType, OTCYTCTRYIOT. DTO OTMEYEHO Takke B CTaThe
Jlazapa [6], B koTropoli naH HOAPOOHHIN MepedyeHb H KPAaTKUH aHajH3 JKCIie-
PHMEHTAJIBHBIX HCCJAEROBAHUA YIPYTO-IJIacTHYeCKod PpaboThl  paspesHbiX
¥ HepaspesHbIX 6asok, npuueM pa6otsl, BumnoaHeHHble B CCCP, 3a uckiioue-
aueM oxmoit paboroi E. O. Ilaroma n B. H. T'op6ynosa, B 370M mepeune
OTCYTCTBYIOT.

B nacrosueil cTaTbe H3JAraloTCsl HEKOTODBE De3yJbTAThl SKCIepHMeH-
TaVIBHBIX HCCJENOBAaHWH pPaGoTHl JBYXNPOVIETHBIX O6ajoK MNP HOABHIKHOH
HATpy3Ke B YIPYro-NJIaCTHYECKOH CTaJMH, BHIMONHEHHBIX B MHcTHTyTE CTpoOu-
TeabHol Mexamuxuy AH VCCP B 1951—1952 rr. IlpenpapurennHo NpHBO-
JSiTCH HEKOTOpLIE TeopeTHueckHe IaHHbIE.
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1. U3ru6 pByxnpoJieTHoil OajJKH NPSIMOYTrOJbHOTO CeYeHHS NPH MOJABHXKHOM
Harpyske

[Ipr pa6ore B ynpyro-njiacTHYecKOH CTajauH, Mocjie ofpasoBaHus Ma-
CTHYECKHX 30H, 0aJKa CTaHOBHTCA KakK Obl 6ajkoll NepeMeHHOIO CceueHus.
Ha mnpoTsiykeHHd 30H TEKy4YeCTH H3MEHsieTCsl KeCTKOCTb OaJsiku. DTy mnepe-
MEHHYIO JKEeCTKOCTb JIEPKO ONpelNesHTh, MOJIOXKHB B OCHOBY pacyera HueaJ-
3UPOBAHHYIO Auarpammy Ae@opMaunuMid C HEOTPAHHUYEHHOH TOPH3OHTAJbHOM
TJIOIaKOH TeKy4JecTH.

MowmeHT B KaKOM-JHOO ceueHHH Gajkiy B TpPeHeJaX B30Hb TeKyuecTH
Bblpaxkaercs: Gopmyson [7]

. a?
M= oTT( —3). (1)
3mech o, — Tpelesl TeKydecTH,
h? "
T= bT — IIaCTHYeCKHH MOMEHT CONPOTHBJICHHS,
2a ‘
= - — OTHOCHTEJIbHAS BHICOTA YNPYroro sipa (puc. 1).

Ecan npeamosioXuTb Ifpolecc H3THOA HEONpaHWYeHHO VNPYTHM, TO
B KpalHMX BOJIOKHAX CeueHHusi OYAYT HalpsKeHus o,>o, (puc. 1).
Hetpynuo Buuperb, uto

==
0= ">
1 COOTBETCTBYIOHUIMH MOMEHT
oW M
_M =0 W= T =3 R
F F @ @

IIpupaBHuBasi KpPHBH3HY OT JeHCTBHTENIbHOTO MoMeHTa M, KpuBu3He,
COOTBETCTBYIOIEH MPUBEIEHHOMY MOMEHTY M,, TONMyYyMM, KaK IOKa3aHO
B Haule#i pabore [9],

(EJ)ar=EJ - 3(3—@). (2)

Hpu a=20 (EJ),, =0, uTO COOTBETCTBYeT O06PA3’OBAHHIO IJACTHYECKOTO
HIapHUpa.

IlpuBeieHHBIMH MOMEHTaMH yLOOHO IIOJIB30BATBCS TIPH HCCJIELOBAHUH
yIOpYro-mIacTHIecKoil cTaguu paboThl 6GajioKk, TaK KakK B TakKOM CJjydae
MOXHO paccMaTpHBaTh Iipolecc HeTnba Kak HeorpaHmdeHHO ynpyrufl. Taxok
npueM Obla1 mpeagmoxken mpod. C. A. Bepurreiinom un ucnosbsosan B. C. Typ-
KHHBIM IIDH HCCJeNOBaHHHM paboTbl Gajlok TIPH HENOJABHKHOH Harpyske [81
Hawmu pacnpocTpaneH 3TOT IPHEM Ha pacyeT B cJyyae NOABHKHOH HarpyskH.
Onpenenedue nedopManuil 6ajoK € HCIOJb30BAaHWEM TPUBEIAEHHBIX MOMEH-
TOB MMeeTcsi B ykasaH#o# padore B. C. Typkuna u 8 namei cyatee [9].

B mByxmpoJseTHOH Ganke ¢ PABHBIMH IPOJeTaMH IPH TIOABHXKHOM OMH-
HOUHOM TIpYy3e ONpeleqeHHOH BEJHUHHDI cliepBa o6pasyeTcs MJIacTHUECKHH map-
HUD B CeYEHHHU IIOJ TPy3OM, TIpHYEM B MOMEHT o0pa3oBaHHsl 3TOro IapHHpa
B ONOPHOM ceueHHH OaJKH MIacTHYecKHe JredopManui ele OTCYTCTBYIOT.
D710 crefyeT U3 pellleHHs 1IPUBENCHHOIO HMXKE YpPaBHEHWs.

[Toxa He ofpasoBajicsl NMJIACTHUECKHE 1NapHUp, Galika OIUH Das CTaTH-
YeCKH Heolpesesanma.

Has HaxXoIeHHs JIHIIHErO HEH3BeCTHOTO HCIOMH3YeM YCJOBHe paBeH-
CTBAa YIVIOB HAKJOHA KacaTesJbHOH K H30THYTOH ocH 6ajiku CJeBa W cnpaBa
Of cpelHed ONOopH

(paea = (pnp' (3)
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Ha puc. 2 noxkasana paccunthiBaemas Ganka. [Tonoxenne rpysa ompe-
nefisieTcst nepeMeHHol abcnuccor nl. Ilpeanosmaraercs, 4To rpys ABHXKeTCS OT
JIeBOH OINOpBI K TIPaBOA.

Besuuy Harpysku GyaeM BbIpaXkaTh uepes I1apaMeTp M U BeJHUHHY
npeneabHoro mMomenta M,. Hmeem

M=0.T = }—)£ y
m
OTKY A
mo. T
P= l* . 4

Beenenne mapamMeTpos m, n U ap UCKIIOYAET U3 ypaBHenHusa P, o, Tul
T. €. [03BOJISIET MOJYYHThb pellleHHe He3aBHCHMO OT Pa3MepOB GajKH M MapKu

cTajy.
3necb ap — OTHOCHTeJbHAs o
7! {127)0 —mt
BLICOT2 YNpYroro sjipa B cede- ' l [
, . V'S
HHH TOJ TPY30M. 1 : - : «!J.‘B

Puc. 2.

Ha puc. 2 nokasana npuBeleHHasi 3TIOpa MOMEHTOB, OTJIHYAIOLIASCS OT
JeACTBUTEJIHHON 3alITPHXOBAHHON YacThio Ha JJIHHE 30H TEKYYECTH.

Ilpu cocraBienun BhIpaXKeHWH AJs yria MOBOPOTa ¢, .. OyAeM oOIpe-
JeJIATh OTAeMbHO yron of M, u yron Ap or AM = My — M,. Tlocae mon-
CTAHOBKH 3HaweHUH Mp u M, nosmyuum

AM=%£((%—3+¢:*). (5)

[Tonbsysick rpadoaHaIUTHIECKMM METONOM JUJIs ONpelefieHHs YIJOB
MOBOPOTA, COrJIaCHO PHC. 2, MOJNYYMM YypaBHeHHe (3) B CJefywlleM BHAe:

Pu(—nl 1 @i+l M M )
I~ "2 " 3 3 T49:6:= 3 - 37

Ha ocHOBaHMH NIPOCTBIX INeOMETPHUYECKHX coobpaxeHuit (puc. 2) BhIpa-
3HM ONODHBI MOMeHT M. wepes m, 7 U ao

“frao- 0= Djer.
M= {m (l—r/)—‘—,; (1 3 ) %T- (6)
[Tocne noxcranoBKH aTOTO 3HaueHust M, u 3uauenus P B (3’) monydyum

4 al 6
—_— Yy — — = [ — 17
my(1—=n3)—4m(1—n) +,‘7 (1 - —3) + o—TTl‘d(pﬂeﬂ 0. 3”)

— ’ r”
Yron Ay, =Ady ..+ ¢, (COOTBETCTBEHHO ABYM y4acTKaMm AOMOJHH-
TEJILHOI 3MIOPbl MOMEHTOB).
IMonb3ysick rpagoaHaANTHYECKHM METOIOM, ITONYYHM
L 4 x|

1
~ } AMx dx f AMxdx
- [ ,

- ™

AP es
xg nl
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IlIpenesisl HHTErpHPOBAaHHSA X, H X, JIETKO ONPeJEJAIOTCS 13 NOLOGHT
TPEYTOJIbHHKOB (PHC. 2)
2nl (Bmn—2) 5l
Xa = 3—a?’ Xy = 3mn—3+d" ®)
ITpu noacranoBke 3HaueHu#t AM B (7) HYXKHO yYecTb, 4TO 3HAUEHHS a

B (5) Oyayr pasHble JJisi IEPBOTO H BTOPOrO HHTETpaJOB.
[To puc. 2 ans JeBoro yyacTka

M. _x
al - nl
o,T(1 ~ 3—)
Tak kak
aZ
w=eT(1-).

TO NOCJe Npeobpa3oBaHUll MOJyUUM
/ o X
« = \ 3—(3—ay) o ()}

COOTBETCTBEHHO AJs HPpaBOrO ywacTKa IOJyYHM

o= ]/3—-3m1)+(3m-r,-—3+a2)':;—[. (10y

BHIIONIHHB HHTErpHPOBaHHE H MONCTABHB NOJydeHHOEe TO (popmyne (7)
3HaveHue dp,., B (3"), NOTyuyHM ypaBHEHHE B OKOHYaTeJbHOM BHAE

mn(l1—n)—4m(1—n) + % (1—— %) +

2
+ 3=aiy (3’111"1_ Sy [78mo* = T5mn+216me (1~ mm) e, +

+ 2m (81mn—82) a; +24mn (my—2) o} + 18mn (5—3mn) el —
— 8muut + 6y (my—2) ul + mn]=0. (11y

[Ipn 3aganHOM 3HaueHuH P, T. e. m, U3 3TOTO yPaBHEHHS MOXHO Olpe-
JEJUTh @o NPH Pa3JHYHBIX 3HAUEHHUAX 7, T. €. IPU PA3JIHUHBIX [OJIOKEHHSIX
rpysa P.

Ypasrenne (11), B XOTOpPOE ap BXOAUT B JecsATOd cTemeHH (mocJe OCBO-
GOXKACHUS OT BHaAMeHaTess), JIerKO pellaeTcs MeETOLOM II0C/Ied0BaTe IbHbIX
npubynKeHu.

3Hasi o, BbMHUC/ISIEM MOMEHT B CeYeHHH IIOf Ipy3oM IO ypaBHeHHIO (1)
1 onopHbii MoMeHT M. — no ypasHeHuto (6). ITpousBoisi BBIYHCJIEHUS IIPH
Pa3nHUHbIX 3HAYEHHAX 7, MOXKHO IIOCTPOHTh AHHHH BJIMSHUS [POJETHOTO
1 OINOPHOTO MOMEHTOB.

YpasHenue (11) umeer chenqyomye TpelesH IPUMEHHMOCTH: 1) ap =1,
T. e. 6agKa paboTaer elle TIOJHOCTHIO B Ipefenax ynpyroctH. B stom cuy-
yae ypaBHeHHE MMEET BUJ

3mn? (1—7%)—12my (1—n)+8=0. (12)

2) ao = 0, YTO COOTBETCTBYET 06PA30BAHHIO TIACTHYECKONO IIapDHAPA B Ceue-
HUH ToJ rpy3oM. B sTom ciayyae Gasnka CTaHOBHTCS CTATHYECKH OIpeNeSIH-
MoH. YpaBHemne (l11) umeer Bupg

— 2Tm*n®+80m®*n®+(135m®—52m) n* —
— (270m*+ 108m?) v*+(324m2+ 135m) 2 — 324mn + 108 =0. (13)
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Ypasuenns (12) u (13) MOXKHO, KOHEUHO, MOJYYHTb HE3aBHCHMO OT ypas-
Herus (11).

Paccmorpum npefiesibHOe COCTOSIHHE GaJlKH, COOTBETCTBYIOLIEE BbIpaBHH-
BaHHIO IPOJIETHOTO H OMNOPHOTO MOMEHTOB, T. €. 00pa30BaHHIO BTOPOTO TJIa-
CTHMECKOro ImapHHpa (B OHNOPHOM CeYeHHH).

Corsacuo puc. 3

Pyn(1—n)l=noT+o,T.

Bripaxasi Ha ocHoBanuu (4) P uepes m, noayuum

my (1 —9) =141 (14)
dm
IlponuddepeHuupoBaB 9T0 ypaBHeHHe 10 7 H NPHPABHSIB HYJIO dn’

HaizeM p = 0,4142 wu 3arem u3 (12) ualinem m = 5,8284 ~ 5,83. Tor xe
pe3yJibTaT HeckoJibko HHbIM myTteM A. A. I'Bozzmes [5].
Takum oGpasoM, mpefeibHasi Harpyska, Ha OCHoBaHMH (4), paBHa

L 5,830,.T
:—-—’ly/[/ - & Pr= _I_‘_
AL .5
W?’ * " .
\ i ! b H peacJbHbld MOMEHT
1 | ]
{ t 14 1 P.l
Puc. 3. M,=oT= 5—~—§3 .

IoacraBus m = 5,83 B ypaBHenuwe (12), mosyunMm TpefeSbHOE 3HAUE-
Hue 5= 0,1385, npu kotopoM Gajxa paboTaeT elle yOpyro OPH JBHKSHHU
TpefeJibHOTO IPy3a CJeBa HanpaBo. BTopoll MOJIOKHUTENIbHBIA KOpeHb ypas-
Henns (12) # = 0,775 cOOTBETCTBYeT Npeleay Ynpyrod paboThl GajJKd IpH
IBUKEHUE TIPeIeJbHOTO Tpy3a BaeBO oT cpefHed omopsl C x omope A.

M.
[T T SR E
; : by g ;/Qo : \h\‘\@* oy p
I 1 ~] 7 ST 19 i
101m-6.1 S Bas Sl Ar?“j" <  F
4 76, 1, S 13 S/[ o -« » o b T
Fod : R, gﬂs; K NS . 7 !
M’/r‘& TS SRS &3NS ; _“{
~ Sl i <, : ) S . § NS~
AN N g T8 \& 7
HGW. S S~ i NCB N g
’ 7 [i ! ! \Q\ b 1[ % .
g | | [ """f‘G“‘ (=] N ~H|
r . e SE RS, G0N
05 2 G TR RIS ST
AP EPEESEERRE
a1y RS STS N
AR % IR | RN
if > NS T 1 NN
/ e ! » TR \
ﬂ"/ % - J | rt L&
[l s ; 1 SRR
B ! | |04325| 1 10518 I
0 of/ 027/ 03 04N 05 06 07 f08 a9 10
7385 7=0252 7=0,42/42 7=0775 |
1
Puc. 4.

T L
vyt |

INongcrasue m = 5,83 B ypaBHenue (13) u peuB €ro MeTOACM HOCJE-
IOBATEeNbHbIX NPUOIHKeHHH, mouayuuM n = (0,252, 4TO COOTBETCTBYET IIOJIO-
JKEHHIO TIPeNesIbHOr0 rpysa, NpH KOTopoM obpasyercsi B GaJjike MepBbld nua-
cTHYeCKul wiapHup. Bropoe mnogoxutenbHoe peltenue n = 0,600 coorBert-
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CTByeT 00pa3oBaHUIO [EPBOTO ILIACTHYECKOrO LIAPHHPA NPH ABHXKEHHH Ipy3a
or C x A.

HNas 3navennit 0,252 > 7 > 0,1385 npun u3BeCTHOM M MO YypaBHe-
suio (11) ompenensieM ay M BHIYHCJSIEM [POJIETHBIA H ONOPHBIA MOMEHTbL
no ¢opmynam (1) u (6).

Ha puc. 4 10CTpoeHb! npd m == 5,83 JIHHHS BJHMAHHA ONOPHOTO MOMEHTA
i orubamolas JUHHA [1DOJETHbIX MOMEHTOB NP JBHXKEHHH rpysa B JieBOM
nposiete. IIpn MOCTPOEHHH 3THX JIMHHH He YYTEHBl OCTaTOYHbIC MOMEHTHI,
KOTOpble M0Jayd4aloTcsi B 0ajke BCJEACTBHE 0Opa30BaHuA IU1ACTHYCCKHX Je-
popmanuit. OcraToOUHbIE MOMEHTBI CYLLECTBEHHO M3MEHSIOT BHA JINHME BJIHSA-
HHs MOMeHTOB. He oCTaHaBJUBAsiChb Ha ONPELEJIeHUH OCTATOUYHBbIX MOMEHTOB,
OTMETHM, YTO BbIMUCJEHHE HX IIPOU3BOAHMJIOCH B IPEANIOJOMCHHA MOJHOH pas-
rpy3kd OatKu IIOCJE HArpyxeHus B KakKOM-jiu0O CeueHuu, mpuyeM mojarad-
J0Ch, UTO Pasdrpyska TPOHCXOAMT IO JiMHelinoMy 3akoHy. Ilpu HOBTOpHOM
HaTpy’KeHuy, Ioc/e JepeMelleHrsl rpy3a B CJelylollne [OJIOKEHHs, TaKKe
IpeAnoJaraloch, YTo mpouecc AepopMaliu  yAOBJETBOPSET JUHEHHOMY
3aKoHy. TakuM 0Gpa3oM, OCTATOMHBIE MOMEHTBHI IOBTOPHOTO HArpYyXCHHAsA
BLIUKCJISIHCH TIO (opMysiaM yupyroii paGorsl Gajiku. Ecan npu 3TOM OAHH
U3 MOMEHTOB — HpPOJETHbIA WJH ONOPHBI — OKasblBaeTCH OOJbIle, YeM
M,=0,T, TO, OYEBHAHO, TAKOH MOMEHT HYXKHO CUHTATb PaBHLIM M
W cresaTh COOTBETCTBYIOUHfl TepecueT Aasi eropero Mcwmenra. Ha pue. 5
{OCTPOGHDBE JINHHS BJIUSIHAS OMOPHOTO MoMenTa M. M orubaiouias JHHHS Mp
¢ YUeTOM OCTAaTOUHBIX MOMEHTOB IPH TIEPBOM IIPOXOJle IPysa CJIEBA HANpPaBo.
TaM e OTHEJbHO HAYEPYeHbl JIHMHHH OCTATOUHBIX MOMEHTOB. [losiozkHTesb-
Hble MOMEHTbI, B OTJHYHE OT PHC. 4, OTJIOXKEHbl BHH3.

Ilpu BTOpOM [BHKEHHH Dpy3a (CIpaba Hanepo) Juund M. u Mp umMeroT
BHj, MOKasaHHLI Ha puc. 6. Jlerko yGeIuThCs, YTO AaJibHeMIIHe MOBTOPHBIE
nepeMelleHusl TPy3a cjeBa HalpaBo U B O0OpaTHOM HalpaBJeHHH He AalyT
HOBBIX OCTATOUHbIX MOMEHTOB M BUJ JuHuil M, u Mp OCTaHETCS NpPEXKHHH.
[Ipu Beex MBHKCHUAX IPy3a CIpaBa HaJeBO JHHMH BJIHMAHUS MOMCHTOB
B TOYHOCTH GY/IyT COBHAjarh ¢ H30GpaM<eHHBIMH Ha puC. 6, a NpH IBUIKE-
HHH CJleBa HANPABO — C 3ePKAJbHBIMH H30ODaKeHHAMH ITHX JIHHHH.

[TpuBenenHble 34eCh JaHHbE s IPEACJILHOTO COCTOSIHHS OCTAIOTCA
B CHJIe, OYEBHMIHO, H JJA JBYTABPOBOro cedyenus. [Jsi ynpyro-mjiacTuieckoro
COCTOSIHUSI OCHOBHBIE YPaBHEHUsI Gy1yT HMeTb Gojlee CJIOKHDIA BUJ, UeM A
6aJlOK MPSIMOYTOJBHOIO CedeHHs. DTH yPABHEHHUsI IIOJyYeHbl HAMH, HO 31eChb
HE NPHBOLATCS.

2. Pe3yabTarhl ONBITOB C JABYXNPOJETHHIMH f6ajJKaMM NPSIMOYFOJIbHOTO
ceyenusa *

KpoMe OCHOBHBIX HCNBITAHHH TIPH TIOJBUIKHON Harpyske, ObLH TIPOU3-
BeeHbl TAK¥Ke HMCIBITAHHS IPH HEIOABHMKHOH CTAaTHYeCKOH Harpyske M IpH
MIOBTOPHOil HArpyske, 4TO [aJ0 BO3MOXKHOCTb CDaBHUTb HECYILYIO crnoco6-
HOCTh 6aJlOK NPH Pa3HbIX YCIOBHSX PabOTHI.

Bece omnbiTHble 6aiKi, KaK NPSiMOYTOJbHONO, TaK M JBYTaBPOBOTO Ceye-
HHU{l, H3TOTOBJEHbl U3 OJHOI'0 KyCKa JIUCTOBOH cTaju ToJauuuoit 30 mm.
Baskii mpsAMOYTOJBbHOTO CeUEHHsI HMEIOT pa3Mepsl CeueHHs 20 X 30 mm.
JlJst ABYXNPOJIETHBIX 6alloK KaXKAbld NPOJeT paBeH 500 mm. Hcnbiranus
NPOH3BOAHJINCE HA CNENHaJbHON MallHHe, CKOHCTPYHUPOBAHHOH U W3LOTOBJIEH-
noit B Wuctnryre crpoutenbhoifl mexaunku AH YCCP. Pasmepbl OMbITHBIX
6aJl0K HazHauaJuCch B COOTBETCTBHH € pasMepaMyd H MOMIHOCTHIO MaAIHMHDBL.
Ha 3Toit MaliiHe BO3MOXKHO OCYILECTBJATL CTAaTHUECKYIO, NOBTOPHYIO H TIO-
JBHKHYIO HATPY3KH KaK B OJHOM TNpojieTe, TaK M B OGOHX MPOJETax OIHO-
BPEMEHHO WJIU HEOAHOBpeMeHHO. MakcnMaJjbHas Harpyska B OQHOM TIPOJIETE
cocrapjsieT 2 T.

- * Bee ONLITHl, OMHCAHHBIE B HACTOSINEH CTaThe, BHINIOJNHEHB MJANIIHM HAyUHHIM CO-
~ TpyaHakoM B. B. TpodumoBHueM NOJ PYKOBOACTBOM aBTOpA.
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Has onpenesieHHst MeXaHHYECKHX XapaKTePHCTHK CTaJd M3 JHCTA OblIH
BbIp€3aHbl 12 mponopuHoHaJbHbiX 06pasuoB d = 10 mm, KOTOpbIE HCIBITHI-
BaJucb Ha pas3pbiB. JleBATb o0pasnuoB OGblid BLIpE3aHbl B Cp2lHed wacTH
JIMCTa, a TPH — y Kpad jaxcTa. Kak BuAHO u3 Tabs. 1, MexaHHueCKHe Xapak-
TePHCTHKH 06pasloB, BhIPe3aHHbLIX B CPeAHHE H Y Kpasl JHCTa, OKa3aJjHCh
CYLECTBEHHO pAa3JHYHBIMH. AHaJOrMuHOe #ABJeHHe HaGJIOAAJOCh HaMH
U pasblue [10].

Ta6aumna 1
Mecro o A
g G G ¢
BbIpe T np 0 °p P [Tpumeuanne
oopasitos | (zrea) | (eeicwr) | 0L VS | (ofeuty | grjenry | PO
i |
B cpenune 2150 4070 26,8 58,4 3200 7850 CpexHee
JHCTa . A INE€BATH
o6pasuos
‘ Cpennee
Y kpasn a8 Tpex
JHCTa 1790 3433 35,5 72,6 2277 8327 |  oGpasuos
I

Ha puc. 7 nokasanbr guarpaMmsl Ae(opMaiuil, IOCTPOEHHbE N0 Cpel-
HUM JaHHBIM HCIBITAHHH Ha paspeiB. JIMHA NUIOWIaJKH TeKyYyeCTH Kojeba-
Jlach AJIA pasyHYHbiX o6pasuoB B npegenax 1,0—1,5%, B cpeanem 1,3%.

Shefem”
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000 5 3233200 !
L 257’7
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Puc. 7.

Ilpemesr TeKyuyecTH ONpeLesSVICT TakKe M3 ONbITOB Ha u3rud. C 3TOH
IeJIBIO UCIBITAHbl JIBE OJHONpOJIeTHble 6anku ¢ mposetoM B 500 mm ¢ cocpe-
AOTOYEHHOM CHJIOH, NpUJIOXKEHHOH mnocepeauHe nposera. Ilpejen TeKyuecTH
BBIUHCJSJICA 0 (opmyse

— ]MT
0y = T’
bh? ) .
rie T= 7 H M, = 4 TIPCAGJBHBI MOMEHT.

W3 onbroB mosyueHnl AJs1  0r  3HaueHHs, paBHble 2180 Ke/cm?
u 2120 ke/cm?; cpennee 3HaueHne 2150 xe/cm?. TouHOE COBIALEHHE CO Cpe-
HHM DE€3yJbTATOM HCHbITAHHH Ha  pacTAXKeHHe  ABJSEeTC, KOHEUYHO,
CAy4alHOCTBIO,

HcnpTanue ABYXHOPOJETHB X GaJOK CTATHUECKON
HaTrpy3Ko#

Hcnvitanst ape Gankn (Ne 4 m 13). Barka Ne 4 Bripesafia y xpas
aucta, Ne 13 — w3 cpemunbt ero. Bajxkum Harpyxamuch C€ocpeLoTOUEHHOR
CHJIIOH B ONHOM H3 MPOJETOB, B cepepuHe mpojera (Ne 4) U Ha pacCTOAHHH
0,4142 [ or xpaiine#t omoper (Ne 13). Bo BpeMsi ONLITOB ¢ MOMOWIBIO ONOP
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IMHAMOMETPOB H3MepsiIUCh BCE TPH OMNOPHBIC DEaKIHH. Cpenuas onopa —
HETOBHKHAs!, KpaiiHue omopbl moasuxuble. Harpysounoe NPHCHOCOBEHNE
TaKxKe HMeeT IUHAMOMeTp ¢ MHmukatopom. Taxum oGpasoM, BO BpEMsi OIbi-
T0B 6blIa BO3MOKHOCTb CONOCTABJATH BEJHUHHY HArpyskd € CYMMON peak-
muit. TouHoCTh H3MepeHHl OKasajach JOCTaTOTHO BLICOKOI: cymMma H3MepeH-
HBIX Peakuuil OTHYaach OT BEJIMUHHBI HATPYSKH He Gosee ueM Ha 1—29%,
ec/IM He CYHTATh MePBHIX CTyNeHed
HarpyskH, Korjga omunfka J0Xo-
nuna 1o 4%.

[Tporu6er H3mMepsJuCh HHIH-
KaTopaMH, a yJJHHeHHS KpaHHHX
BOJIOKOH — PpbIYaXKHBIMH TeH-
30MeTpaMH.

OnbiTHBIE JHArpaMMBbl  AJ4
B6ankun Ne 4, KoTopble 31eCh He
NPHBOJATCS, IIOKas3ajd CJaeny:
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B npenenax yopyroctd ONbITHble M TeOpPEeTHYECKMe AHarpaMMbl COIVIa-
CylOTCsl JIOCTATOMHO Xopollo. TeopeTHyecKH TpH TpefesbHOH Harpyske
NOJIEKHO IPOM3OHTH BLIpABHUBAHWE IIPOJETHOTO M OMOPHOTO MOMEHTOB.
[TpakTHyecK: BBIpABHHBAHHE MOMEHTOB He HaOJIOLaeTcs, KakK 310 HEONHO-
KPAaTHO IIONTBEPKAAJOCH OTNBITAMH JPYTHX HccslefoBaTesiedl. MmMeercss TOIBKO
TeHJEHUHs K BbIPABHUBAHHIO, BhIPAXKAIOU[AsACAd B 3aMelJIeHHH POCTa NpoJeT-
HOTO MOMEHTa M YCKOPEHHH pOCTa ONOPHONO MOMEHTA.

Teoperuueckasi TpefesibHast Harpyaka 1ysi Ganku Ne 4, BbMHECJeHHAs
IpH CpeJHeM 3HaueHnu op == 2150 xe/cm?, oxkasanach pPaBHOH

0.
Pr= 6 ;T = 1195 xe.

OnbITHBIE IHATPAMMbI MOMEHTOB He 1al0T BO3MOXHOCTH OTMETHTb KaKHe-
JH60 XapaKTepHHe TOUKH, COOTBETCTBYIOILHE NpPeleJbHOMY cocTosHuio. dna-
rpaMMbi XK€ IPOTHGOB SICHO YKA3bIBAIOT HAa Pe3Koe BO3pacTaHue MPOTHOOB NPH
Harpyskax, npespiiaroiux P = 1100 k2, 4T0 MeHbllle TEOPETHYECKOH Mpelellb-
Hoit Harpysku Ha 8%. Heofxoagumo yuwecTb, uto Gajka Ne 4 BbipesaHa
y Kpasi JHCTa, I/le 0r, KaK yKasaHo Bblile, Menbile 2150 ke/cu®. Ecan mpu-
HATb or = 1790 ke/cm? (a5l 06pa3IOB, BHIPE3AHHBLIX Y Kpas JHCTa), TO OMbIT-
Has NpefesibHAs Harpyska Gyaer Ha 9% GoJibilie TEOPETUYECKOH.
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Jlannble ucnbiranuii Ganxd Ne 13 mpusefensl Ha puc. 8, 9 u 10. Kpome
A¥arpaMM Harpy3KH, AaHbl Takxke JAuHarpaMMbl pasrpyski. Teoperuueckas
mpefesibHast Harpyska, paBHas Pr = 1153 ke, Menblile, uem Ajis Ganku Ne 4,
TaK Kak Harpy3ka TPHJIOXKeHa He IOCpPeHHe NpoJeTa, a B €aMOM HeBLIIOA-
HOM TOJIOKeHuH, Ha paccrosinuu 0,4142 [ or xkpaitnelt onopel. Kak u mis
Gasku Ne 4, HaGJIOAAeTCsl TEHIEHIHS K BHIPABHHBAHHIO MOMEHTOB (pHuC. 9).
Ha Tom xe puc. 9 BBepXy NOKasaHbl ONLITHAA W TeOPeTHYECKas SMNIOPHI
OCTaTOUHBIX MOMeHTOB. OUbITHBIE OCTATOUHbLE MOMEHTBI MeHbille Teope-
THUECKUX.
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JluarpaMMbl IPOrHGOB H OTHOCHTENIbHBIX YIJIHHEHHH (puc. 10) He uMeloT
TaKuX PE3KUX M3JOMOB, KaK AuarpaMmbl 1js Gajku Ne 4. [lostomy ycraHo-
BHTb IO 3THM JHarpaMMaM BeJHYHHY OMBITHOH TpelesIbHOH Harpysku He
PEACTABJISAETCS BO3MOMKHEIM.

Ucnoitarns Gagox Ne 4 u 13 cTaTuuecKoil Harpyskoifl nokasajiu, Kak
M pSI JPYTUX HCCHIefOBAaHHH, UTO BbHIPABHHBaHHE MOMEHTOB He HalJIoaeTcs,
410 0ObSICHSIETCS OTJIHUMEM CBOHCTB peasIbHOTO MaTepHasa OT CBOMHCTB Mea-
JIMBHPOBAHHOTO, AHarpaMma AeopMmauuii KOTOPOrO HMeeT HeOrDaHHUCHHYIO
mIomanKy Tekydect. CyllecTBeHHOe BJHsSHHE OKasblBaeT yIPOUHEHHE [OCJIe
NMPOXOXKIEHHS INTOMALKH TekydecTd. Haamuuem ynpouseHdsi OObBSCHseTCH
TaKKe CYLIeCTBEHHOE DacXOJKJIeHHE B ONBITHOM H TEOPETHUECKOM 3HAUeHHSX
OCTAaTOUHBIX MoMeHTOB (pHc. 9). OnbITH ¢ Hepaspe3HbIMH GajKaMH He AAIOT
BO3MOXKHOCTH OIIPENEJICHHO YCTaHOBHTb BEJHUMHY TIpPeILesbHOH Harpysku
B OTJIM4ME OT OJHOMPOJETHHIX 6ajloK, I'Ze ONbITHLIE TNpefejbHble Harpy3KH
YCTaHABJIHBAIOTCA JOCTATOYHO TOYHO. IJTO OTMeYajoch B Hallled craTbe
[10]. Bo BcskoM cayyae, TeOpeTHUeCKHe TpPeNesibHbIe HArpyskd BO BpeMs
ONBITOB GbIM JOCTHTHYTH 6e3 3HAUHTENbHBIX Aedopmalui M HaunGobiuee
cGaKeHHe NPOJIETHOTO W ONODHOTO MOMEHTOB IPOHCXOQHJIO TIPH Harpyskax,
6CABLIIKMX, UYeM TeOpeTHUeCcKHe TIPeAesbHble HATpY3KH.

HcnblTaHHs ABYXOPOJEeTHBX 6GanoK TMOBTODPHOM
Harpysko#

Ucnoitanbl mpe Gamku, Ne 9 u 10. O6Ge OGanku BbIpe3aHbl H3 CPeHHbBI
aucra. Harpyska npukiaisiBajach B OJHOM M3 IIPOJIETOB, HA PaCCTOAHHH
0,41421 or kpaitHeit omopel. Banka Ne 9 ucnbiTeiBasiach TOJIBKO IOJ nef-
CTBHEM TIpe/leJIbHOH HATPY3KH, ONPEIEJNEHHOH TeOPETHUECKH. [lpu ucnbiTaHUU
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6anky Ne 10 mpousBOAWJIOCH IOCJAEAOBaTE/IbHOE Harpy:eHhe BoO3pacralo-
IEMM HAarpy3KaMH pas3jiHyHOH BeJHUMHBI, NPHYEM Kaxkjas W3 HHX Oblla
6osbllle HATPY3KH, COOTBETCTBYIOLIEH NpelesbHOMY YIPYroMy COCTOSIHHIO
6ankH.

Bo BpeMs ONLITOB, KaK H paHbille, H3MEDSVIHCH DeaKuuH, MPOrHOHI
H YAJHHECHUS BOJIOKOH.
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Ha puc. 11 nokasaus! pesymbraTsl onbiTos ¢ Ganxoii Ne 9. Teopernue-

CcKas npefeNbHas Harpyska paeHa

=28 1405 .

IIpu MOBTOPHOM IPHJIOKEHHH STOH HarpyskKd NPOTHG B CeveHHH MOX CUJIOH
criepBa 3aMeTHO Bo3pacTal, @ 3aTteM, mocje 25 000 nmopropeHuH, Kaxk moJ-
HbIH, TAK ¥ OCTATOYHBIA IPOrHObI CTaGUIH3NPOBANHCh. AHAJIOTHYHAST KAPTHHA
MoNyyunach ¥ st YAJIHHEHHH KpalHHX HHKHHUX BOJOKOH B TOM XK€ CEYEHHH.
OnwiT 661 Tpekpanlen nocae 38 300 mosTopeHnit Harpysku. Ilosnoe Bospa-
cranue mporuba cocraswio 0,58 mm, mnu 0,97% or nporuba npu nepsoM
Harpyxenun. JIjis octaTouHoro mporu6a — cooTBercTBeHHO 0,60 MM, uin
1,79%. OrmocuresnpHOe yAJuHeHue ysequumiaoch Ha 0,125%, uiu Ha 0,93 %
[0 OTHOIIEHHIO K YIJHHEHHIO TpH NePBOM HarpyKeHHH, a OCTaT04HOe YIJIH-
Heune — Ha 0,14%, max Ha 1,23% o OTHOUICHHIO K TiePBOHAYaJbHOMY
OCTATOYHOMY V/JIMHEHHiO. Bbiiu TakiKe MOCTPOEHB MHAarpaMMbl YIUIHHEHHI,
peaxiuil ¥ MOMEHTOB, KOTOpble 31ech He MPHBOLATCH. Bce sTw nmarpamMbl
aHAJOTWYHBl AHarpaMMaM IIpPH OXHOKPATHOM TPHJIOXKEHHH HarpyskH.

Ha puc. 12 u 13 nokasanbl pesyapTatsl ombita ¢ Gaaxoil Ne 10. Teope-
THdecKas NpefennbHasi Harpyska Pr = 1120 xe. Harpyska, cooTBeTCTBYyIOWIAs
npexenay ynpyro#t paGotsl Gajku, Ps=620 xe.

[MepBasi crynenb Harpysku P =900 k2 > P,. Kak nokasniBaioT Aua-
TpPaMMBI, IIpH KAXIOH CTYNEHH Harpy3kd, B TOM WHCJIE H MPH INpelesbHOH
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narpyske, mocie 20 000—25 000 nosTopenuit HaGJIOLajach siCHO BBIPAXKEH-
Hasa crabuaunsauus aedopmanuil. ITocne 114 000 nosropenuii Harpyska Obuia
yBeauueHa 10 1200 ke, uyro GoJblle NpefeJbHod Harpyskd na 7,1%. [lpu
5TOH Harpyske Takike Hauajach crabuiamsanus nedopmanuit nocae 150 000
MOBTOPEHHH HArpyskH, HO 3aTeM jedopMainMH Hayajd CHJIbHO BO3paCTarh,
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Puc. 13.

u mocse 171 000 mosropeHu#i B Oanke oOpasoBajiach TpEUIMHA y OXHOTO
HIKHero pe6pa, BOJIM3H CeueHHs, B KOTOPOM NpHKJaablBajsach HArpysKa.
OG6pasoBanue TPeILlHHbl OGDBACHSETCS yCTaNOCThio MeTaswia. Tpemuna
YCTANOCTH MOJTYdMJIach IPH CPaBHHTEJBHO HeGOJIBIIOM  UHCJIS noB"TopeHHﬁ
Harpy3Kku, HO TIPH BecbMa 3HAUMTEJbHOH HaTpy3Ke, MPEBBILIZIOUIEH CTaTH-
yeckylo npelejbHyio Harpysky. Ha puc. 14 u 15 nokasan BHEUIHHA BHI
TpeluKbl, a Ha puc. 16 —- cevenue obpasua B HsjoMe. B JleBOM HHXKHEM
yraly SICHO BUJHA 30HA TPEIMHBI C MeJIKO3epPHHCTOH CTPYKTYpo#. B ocTajb-
HOIl 4acTH CeueHHsi CTPYKTypa KDPYIHO3eDHHCTAsi, He CBOHCTBEHHash MSTKOH
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cTpoutesibHOH cTasu. Jlo moaxoro usiaoMa 6ajika Obiia JOBeLCHA CTaTHUe-
ckUM H3ruOoMm, CTaTHueCKHA HaJOM TOH Ke OGaJiKH B MeCTe, YAAJeHHOM OT
MecTa TpeLIMHBl, MOKa3aj XOPOIIYK MeJKO3ePHHCTYI0 CTPYKTYpy. YroGbl
cJIoMaTh GaliKy, MPHLJIOCH ¢fleJaTh JBa HaApesda. Elle oamH H8J0M, cAesau-
"ol BOJU3H MECTA TDPELIMHBI, NOKa3aJ KPYIHOePHUCTYIO CTPYKTypy. Takum

Puc. 14.

06pa3oM, JIUCT CTaJjld, W3 KOTOPOTO H3rOTOBJEHbl ONbITHblE OasKh, HMeeT
BECbMa HEPaBHOMEPHYIO CTPYKTYpY.

HcnbiTanns GaJsiok TIOBTOPHOH HarpyskoH NOKa3aJiH, 4TO NPH TEOPETH-
YeCKOH NpefesJbHOH Harpyske ILJIACTH-
yecKHe AedopMamHH 3aTyXaloT A0BOJb-
HO OBbICTPO M BeJHMYHHA KaK IIOJHOTO,
TaK M OCTATOYHOro Mporua CpaBHH-
TeJIbHO HeBeJHKA.

Puc. 15. Puc. 16.

HMconbiTanusg ABYXNpPOJETHBX 6aJOK NOLBUXKHOM
Harpys3koil

Hcnbitannst npon3BORAMINCh OMHOYHBIM TPY30M, KOTOPBHIH IepeMellascs
no GaJjke cHeBa HampaBo ¥ B oOpPaTHOM HanpasJeHYH. MawpHa IJaa HUCHbi-
TaHHH CKOHCTPYHPOBaHA TaK, YTO Tpy3 IepeMeliaeTcss N0 Gajike He Hellpe-
PbIBHO, @ KaK Obl CKaukooOpasHO, T. €. Nocje Harpy:KeHHsl B OLHOM CEUEHHH
Ipy3 MOPHUIOLHHMAETCS ¥ B IIPUNOLHATOM COCTOSIHUM TiepeMellaeTcsl B cJe-
qywolee cedeHue. [Ipn aBroMaTHYeCKOM mepeMeNIeHHH TIpy3a HHTepPBaJbl
Harpy>eHHus CocTaBJsiior 1,4 MM, OpH 3TOM CKOPOCTb IlepeMelieHHsi Ipy3a
paBHa okoJOo 13 mm/mun. Ilpum mepemelmieHWH TIpy3a BpPYYHYIO HHTEpPBaJibl
MoryT O6biTh Jio6ble. Tak Kak NpPH KaXKAOM [MOJIOXKEHHH I'Dy3a HEOGXOIUMO
OBIJIO TIPOM3BOAMTH OTCYUETHl MO MpuGOpaM, Ha 4TO TPeGOBAJOCh HEKOTOPOE
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BpeMsl, TO Harpyska B KaXJOM CeUeHHH [pHKJIajAbiBajaChb HECKOJbKO
(mo 20) pas.

Bo BpeMsi ONBITOB, KaK H IPH HCTILITAHHAX GaJoK Toy, JeHCTBHEM CTaTH-
yecKoil M ITOBTOPHOH HArpy3okK, H3MepsJIMChb ONOpHbIE DeakUHH H NIPOTHOLI.
Pasrpyska Ilocjie KaAOTO Harpy»KeHHs TIO3BOJISJIa H3MEpSATh OCTaTOYHBbIC
pPeakuyuid U MpOrHoHI.
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Puc. 17.

UcnbiTansl ABe Gaaku, Ne 5 ¥ 7, TpH MHTepBajaXx Harpyxeius uepes
95 mm u onma Gamka (Ne 6) — mpu unrepsanax 1,4 mm. Banka Ne 5 uenbi-
ThIBaJach IpH 4YeThipex CTYIIeHsX Harpysku:
P,= 618 k2, m=321 (upexes yupyroit paGoTs GaaKH);
P= 964 k2, m=5,00;
P.=1125 ke, m=5,83 (upeneapHas Harpyska);
P=1300 ke=1,155 P;.

[Tpu P;= 618 xe Gajika HCIBITHIBAJNIACH TOJIBKO IIPH OAHOM IIPOXOXKIE-
HUH Tpy3a <Jjepa Hanpaso. Ha puc. 17 npuBefeHBl ONbITHbIE H TEOPETHUE-
CKHe JIMHHH BJUsSHMSA peakumii ¥ nmporu6os. ONbITHbIE JIMHHH BJMSHUS TIPO-
rHBOB HMEIOT HECKOJbKO OoJibliie ODPAMHATHI IO CPaBHEHHIO € TEOPETHUE-
ckuMy (npumepHo Ha 0,2 mm), a TakkKe MMEIOTCsi ONOPHBIC OPAMHATDHI, “TO
OGbSICHSIETCST YIPYrOH 0CaAKOHd OMOPJAHHAMOMETPOB. EC/M HCK/IIOUHTEL BJIHSA-
HHEe OCAaJKH OfOp, TO COBMNAJEHHE ONBITHBIX H TEOPETHYECKHX JIMHKH BJHAHHA
6ymeT oueHb Xopollee. BrojHe Xopollee COBNafeHHe MOJYUHJIOCH U JJIst
JMHAH BJHSHHS OTOPHLIX peakiuil, KpoMe Ipasoll peTBu peaxuun A, rae npu
MaJoM aGCOJIOTHOM PACXOXKIEHHH OTHOCHTeNbHAs OWHWOKa CPAaBHUTEJNBHO
BeJIHKA.

Heo6x01uMO OTMETUTh, UTO 3TH JIMHHH BJHSHHS, KaK H BCe NOCACAYIO-
IMe, OTJIHYAIOTCS OT OOBIYHBIX JIHHME BJHAHHA TeM, YTO OHH MOCTPOEHBH
IJisl HATPY3KH, He DaBHOH eIHHHILE.

Bolii Takme NOCTPOSHBI ONbITHBIE H TEOpeTHYeCKHe JIHHHH BJIHAHHSA
ONOPHOTO W TPOJIETHBIX MOMeHToB B ceuenusx 0,4142 [, a maxxe orudasolas
JMHHSA TIPOJETHBIX MOMEHTOB. 31ieCh TaKke MOJYYHJIOCh JLOCTATOYHO XOPO-
lee COBNaJeHHe ONMbITHBIX H TEOPETHYECKHMX JIMHMH, €CJIH He YyYHThIBATh pac-
XOXKJeHHs [Jisi NPAaBoil BETBH OINOPHOIO MOMEHTA, YTO HAXOAMTCS B COOT-
BETCTBHH C YKA3aHHBIM BBIIIE PACcXOXKIEHUEM JJis NPaBOi BETBH peaKIHH A.

VcnbiTanue NpH HAarpyske, COOTBETCTBYIOIIeH Mpeseny ynpyroi paboThi
6aJKH, NPOM3BEIEHO C LeJbI0 NPOBEDKH METOJMKH HCIBITAHHS M BbICHEHHS,
B Kakoil Mepe OINBITHblE AaHHble COINIACYIOTCH C TEOpeTHYeCKHMH. Pesyiib-
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TaTbl HCIBITAHHs, KaK OMHCAHO BbIIE, MOKA3adH JOCTATOUHO XOpOLUee COB-
NajleHue OIBITHEIX H TEOPEeTHYECKHX IAHHBIX.

Ilpu crenyrowedt crynenn Harpysku (P = 964 Ke) HCIbIT2HHE CAEJaHO
npu 10 NpOXOXKAEHUSX HArPYsKH (HATb TOJHBIX LHKJIOB). Ilpu 310
Harpyske B 6aike yxke HaG/I0AAJHCh MJACTHUECKHe aedopmanun. JIunuu
BIIHAHUA JJIs1 NPOTHOOB, peakKMi U MOMEHTOB, MIOCTPOSHHbIE LIS TOCJENLHErO

Vnm

Puc. 18.

LUHKJIA HAarpyskd, KOTOpbIe 3JeCb He NpPHBOISATCH, HMEIOT IOYTH TaKOH e
BUL, KaK M IPH NpeAblIyllell HarpysKe, 4TO OOLSACHIETCA KAK OTHOCHTENLHO
HeGOJIbILOH BETHYMHOH IIIaCTHYECKHX AedopMauuil, Tak ¥ HarpyxeHdHeM Ha
NPOTAMEHUN BOCbMH NPEABILYIUUX TPOXOMKACHHH HArPy3KH.

Kapruna pesko usmenuwsach mpu mepsom IIDOXOKACHHH TeOPeTHYECKO
TIpefeNbHOR Harpyskun Pr= 1125 xe. Ilpu sroit HATpy3Ke, KakK II0OKa3aHo
Bblllle, NpH 7 = 0,252 TeoperHyeckH 06pasyeTcst MOJHbBIH IJ14CTHYCCKHI map-
HHD B CeU€HHH TIOX IpysoM, a npu 5 = 0,4142 Taxoi ke WapHHD ofpasyercs
W B ONOPHOM CEYEHHH, YTO COOTBETCTBYET NPENEJBHOMY COCTOSIHHIO OaJIKH.
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Ha puc. 18 noxasaHbl ONbITHbIC JIMHMH BJIMAHHS MPOTHOOB B CEUEHHSIN
0,4142 [ or xpaiHux onop AJId JIEBOrO K Npaporo nposeros. Ha BepxHem
PHCYHKE JaHBl IOJHBIE NMPOruGbl, Ha HHXKHEM — OCTATOUHbIE. YTOJILEHHBIMH
JIUHUSAMH IIOKa3aHbl JIMHHH BJHSHHS IPU NEepBOM IIPOXOXKJEHHH rpysa cieBa
HanpaBo. B Bepxhell yacTH IyHKTHPOM MOKa3aHa JIHHUS BJUSHHS YIPYyrou
yacTd TrporuGa IpH NepBOM IIPOXOXKLCHHH Tpy3a, IIOJyyeHHast KaX PasHOCTb
H3MepeHHbIX OIBLITHbIM [YTEM TOJHBIX H OCTaTOYHbIX mporuboB. Kak Buano,
3TH JIHHHM [IOJYYaJHCh TAKUMH, KaKHMH OHH JOJUKHbl OblThb IPH yHPYroi
paGore GaJsiki; HX OPAWHATHI AJa NiporM0OB B JIEBOM M IIpaBOM IIpoJeTax
MOYTH COBNIAJAIOT, YTO CBUJETEJbCTBYET O JOCTATOYHOH CTElNeHH TOYHOCTH
H3MepeHu# AedopManHid Ha MPOTSHNKEHHH OIbITA.

MaxcuMadbHblid Nporud B JIEBOM INpoJieTe MOJyuuJcs 4,5 mm, npuyeM
ynpyras wacth mporuGa cocrasisja 2,5 mm, a ocrtatounas — 2,0 mm.
B npaBoM mnpoJiete ympyruil Nporu6 TakoH JKe, Kak M B JIeBOM, a TOJIHBIH
¥ OCTATOYHBII — MeHbiie. DTo OObsICHSEeTCs TeM, 4TO OpH 00pasoBaHUH
B JIEBOM IIpoJieTe MJacTHYeCKHX AedopMallui, B IIPAaBOM [poJieTe MOJy4HJICs
OTpPHIIATE/IbHBIH OCTATOYHBIH yNPYrHid Nporu, yMEHbLIMBIUMHA IOJHBIA NpPO-
ru6 TpU HarpyKeHud B IpaBoM mpodieTe. OCTATOUHbIA YIIPyrH nporud
B GalKe HMeeT MeCTO, KOHEUHO, TOJbKO JO TeX TIop, MoKa Gajika 3aKpenJieHa
Ha Omnopax.

I[TocJie epBOro MPOXOXKAEHHS Ipysa cJeBa Hanpaso Oajika Harpyxasnach
TOH »Ke MOMBHXKHOU Harpyskoil eme 33 pasa. Takum obpasoM, ecero OblLIO
17 LBKJOB HAarpyXKeHui, cuuTas OLHHM LHKJIOM IOJIHOE IPOXOXKAEHUe rpysa
cJeBa HalpaBo W B OOPATHOM HaNpaBJeHWH (Ha PuC. 18 JMHHM BJIMSHHS,
OTHOCSIIIMECS] K JBHKEHHsIM Dpy3a cIpaBa HaJeBO, OTMEYeHbl LK(pamu co
LITPUXOM) .

Yke TIpH TepBOM O0OPaTHOM IPOXOXKAEHAH Ipy3a JHHHH BJKSHHA OpPO-
ru6oB (1’) B 060oMX MpoJieTax Pe3KO HU3MEHWJH CBOH BHUA MO CPaBHEHHIO
C NepBBIM NPAMbIM TNPOXOXKIEHHEM M CTaJH TAKHMH XKe, Kak IIpH YIpyroi
pabore 6ajiKi, HO CIBHHYTHIMH OTHOCHTEJBHO TOCJCJHUX HA BEJHUHHY
ocraroydoro Iporu6a. Ecau OTCUMTBIBATD  OpIMHATHl  JIMHHE  BJHSHAA
OT JIUHHH, COCNUHSIONIHX BEpIUMHBI OMOPHLIX OPIMHAT, TO pasHHIA OPAUHAT
JMHHE 1/ M JIMHHE YOPYTMX NPOTMOOB COCTABJIsIeT Bcero Juib 2—4%.

IMocneayioude MPOXOXKIEHUS IPy3a He M3MEHWJIH KapTHHY, T. €. JHHHH
BJHSIHUS TPOrH6OB COXpaHWIHM BWI JHHHE BJMAHMA Npu ynpyroil paGore
GasiKyi, HO ¢ HEOOJBIIHMH KOJe6aHUAMH B BeJuYHHAX OpAUHAT, UpHYEM 3TH
KojieGanysi NMOCTeNeHHO YMEHBUIAJNCh, YTO TOBOPHUT © OBICTPOM 3aTyXaHHH
HapacTaHusi OCTATOYHBbIX AedopManuil.

ITpu mecToM IPOXOXKIEHWH HArpy3kd Oblja AONyLIeHa CIydaiHas nepe-
rpyska, Korja rpy3 Haxoiujcs B mpasoM nposete. IIpn 3TOM NMPOXOXKAEHHH
nporu6el He u3Mepsiinch. IIpu caeayiolleM, CeAbMOM NPOXOXK/ICHHA HATPY3KH
M3MepeHHe NPOTHOOB T0KA3aJi0 BO3PACTAHHE HX B HPABOM NpoJieTe (PHC. 18),
BbI3BAHHOE YNOMsIHYTO: Neperpyskoid. Ilocsenyiomue npoxoxiaenis Harpysku
Takxe, KaK H CeAbMOe, HeCMOTpsl Ha paHee JOMYIIEHHYIO Neperpysky, Ioka-
3a/ld, MTO JIMHMM BJMSHHS IPOTHOOB COXDPAHAIOT BUI JIMHHE BJHSHUS DU
vipyroil pabore GajKH.

Ha puc. 19 nokasaHE! ONbITHbIE JIMHHH BJIHSAHHSA ONOPHOTO W INPOJET-
HbIXx MomeHToB (M, u M,) u orubamomiasi TPOJETHBIX MOMEHTOB (Mp)
npu NpoxoxaeHusx | u 1’ npenesbHOH Harpy3kd. BripaBHHBaHHE MOMEHTOB,
TaKKe KaK H TPH CTaTHYecKOfi Harpyske, He mpoucxomuT. OmopHbii
MCMEHT HeCKOJIbKO MeHblLIe MPefesbHOro, a INPOJIeTHBIH — HEeCKOJbKO
6capie. [Tpu ob6paTHoM mnpoxoxzennu (1) JMHHM BUMISHHS MOMEHTOB yXe
TipHoGpesu BUZ TaKofl Ke, KaK npu ynpyroif pabore, HO ¢ OTNOPHEIMH OpJ-
H4TaMH, COOTBETCTBYIOIIMMH OCTATOYHHIM MOMEHTaM.

IIpu MocaeLyiOHX MPOXOMKIEHHAX TAKOA BUJ JIHHHH BJIMAHMS MOMeEH-
ToB coxpanuycs (puc. 20; amech ¥30GparKeHbl JHULIb JIMHHH BIHAHUSA 14
HECKOJIbKHX NPOXOXKJEHHH, UTOGH He 3aTeMHSTb DHCYHOK). ComnocraBJieHune
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ONBITHbIX JIMHHA BJHSHHS MOMEHTOB C TEOpETHUeCKHMH (puc. 5 u 6) moka-
3blBA€T YAOBJICTBODHTEJBHOE COIJIAaCOBAHME HX B KAUyeCTBEHHOM OTHOUICHHH.
OnbiTHBIE OCTAaTOUHbIE MOMEHTHI NOJYYHJINCH 3aMETHO MEHbIE TeopeTHde-
CKHX, KaK 3TO HMEJIO MeCTO H TpPH HCILITAHHH CTaTHYECKOHl Harpyskoi
(puc. 9).

[Tocsie HenBITAaHHS TEOPETHUYECKOH INpefesbHON HAarpyskoH WCIbITaHHEe
npojoJKaaoch npu Herpyske P = 1300 k2, woropas Ha 15,59% BblIe Hpe-
nenbHod Harpysku. [lpu mepBoM HarpyKeHHH TpOTHOBI pe3KO BO3POCH,
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a TpH TOCJHeAYIOUIHX NPOXOKIEHHSAX HAMeTHJIach CTaGuIM3auus fIporusoB,
H JIMHUH BJHSHHS NPOTrHOOB ONSTH NPHOOPENM BHA JIMHUN BJHAHUS IIPH
yrpyroii patore.

Ha puc. 21 nokasaHo usMeHeHHe MaKCHMaJIBHBIX IPOTHGOB OGOHX NpO-
JIeTOB B 3aBHCHMOCTH OT YHCJIa UMKJIOB Harpyskn. Ha aroMm pucyHke He
vureHbl TiepBble 10 mpoxoxneHu# mpu Harpyske 964 ke, mocie KOTOPHIX
MallMHa Oblla OCTAHOBJEHA HA HECKOJIBKO aHeH JJii peMoHTa.

Bropasi Ganka, Ne 7, 6bl1a HcHBITaHA €pasy MOA NeHCTBHEM TIPeNesbHOI
TEOPETHUECKO! HArpyskH, paBHo# 1120 xe. XapakTep JiHHHH BJHSAHHMA NpO-
ruGeB NIPH MepBOM TPOXOWIEHUH HArpysKH Takoil e, Kak s Ganku Ne 5,
HO BEJIMYMHBI IIOJHOTO M OCTATOYHOI'O NpPOru6OB 3HAYHUTENbHO Goubiue. [loJ-
HBIH nporu6 B JeBoM npoJere coctaBisyi 10,5 mm BMecTo 4,5 Mm 1ist Gajku
Ne 5, a ocrarounbii — 8,0 mm BMecto 2,0 mm. Yipyrde yacTd TpornGoB
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U1 obenx 6alloK OJHHAKOBbe. Takoe pasjiuie B BeJIHUYHHAX NPOrHOOB JJIS
ONMHAKOBLIX 0ajloK NpH OJAMHAKOBOH Harpyske cJelyeT OObACHUTb TeM, UTO
Gasxa Ne 5 00 HarpyxeHdsi TpelelibHOH Hanpyskod NopBeprajach ,,TPeHU-
poBKe“ — oOKaTke MeHblled Harpyskoil, HO Takxke Aalolledl NJacTHYECKHE
Aedopmanuu, a Ganka Ne 7 cpasy HarpyxaJjach NpPeLeJbHOH HarpysKom.

[Ipy nOCJHEAYIONIMX UIPOXOMACHHSIX NpPeNeJbHOH HArpyskH IIpOruOnl
ObICTPO  CTAGUIN3HPOBANUCE M JHHHH BAMSHUS [POTHOOB TMOJYYHJIH BHI
»YOPYrux® JIMHHE BJIHSIHHS.
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Puc. 20.

Crabuausalus nporn6os HaGmoldasach H TPH JaJbHedIleM HCIbITaHHH
ysesMueHHOH Harpyskoit B 1200 xe, uTO COCTaBJsET 1,07 mnpelesbHOH
Harpysku.

Ha puc. 22 noxasano M3MeHEHHe NMONHBIX M OCTATOYHBIX nporu6oB 14
0GOMX TIPOJETOB B 3aBHCHMOCTH OT UHCJ/la UHKJIOB Harpysku. Bee xpusbe
SICHO TMOKA3bIBAIOT OLICTPOE 3aTyXaHHe HapacTaHus [POrHOoB Jlaxe IpH
Harpyske, Govibiliell MpefesibHOl TEOPETHYeCKOH HArpySKH.
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Banka Ne 6 Taxcke uenbThiBasach cpasy npefeibHoll Harpyskoil. Bosee
JacToe HarpyxeHHe (depes 1,4 mm) npuBeso K Gojee MeIJIeHHOH CTaGHJIM-
3anuu gedopmauui — nocie 25 NPOXOXKAEHHH HAarpy3KH BMecTo 3—5 mpo-
XOXKJEeHUH INpHU HarpyXeHUU uepe3 25 M,

HcnpiTanus ABYXIpoOJieTHBIX ©ajoK NMPSIMOYTOJIBHOTO CeYeHHsl OKa3asu
caenyloree,
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Puc. 21.

0

1. Ilpu craTnueckoM HarpyKeHHH BbIpaBHHBAHHE MOMEHTOB He MPOHC-
xomut. IIpyu nmepexoie 3a npexes ynpyro#l paGothl Gajikd BOSpacTaHHe IIpo-
JIETHOTO MOMEHTa 3aMe[JIsieTcsl, a OMOPHOro — VCKopsietcst. MoOMeHTh Hau-
MeHee OTJIMYAITCA IPYr OT Apyra MIpW Harpyske, NpeBhillalolel TeopeTHue-
CKYIO TIpeleJIbHYIO HarpysKy.

Huarpammbl gedopmanuii (IpOrHGOB H YIJIMHEHHH KpaHHHX BOJIOKOH)
He HMEIOT PE3KUX H3JIOMOB IIDH TeOpeTHYeCcKOH mnpedesibHOH Harpyske. Ha
NPOTSXKEHNH BCEro IIpollecca yIpYro-IacTHuecKold JedOopMalul AuarpaMMbl
HMeIOT IJ1aBHBI XapakTep, 3aTPYAHSAIINN oNpeaeseHie MPeaeNbHOr0 COCTOs-
Hilsl 0aJKu.

2. Ilpu moBTOpHOH HaTpy3ke, NpeBLIIAIONUEHl HArpys3Ky Ipejpesa YIpy-
roit pabGorel GaJKu, NOPOUCXOAUT 3aTyXaHHe ILTaCTHUeCKHX AedopManyi,
u Ganka nadbile paGoTaeT xax ympyras. 3aryxaHue geopManuil IPOHCXO-
IUT He TOJIbKO NIPH TEOPETHYECKOH NpelefbHOH Harpyske HpH CTaTHYSCKOM
Harpy»eHHH, HO U IpU HECKOJbKO Oouibliiell Harpysxe. [lpensapuresibHoe
HarpyXxeHue NOBTOPHOH HAarpysKOW MeHblIe IpeIeJIbHOH ,,TpeHHpYyeT” GaJky
H TIPH NOCJEAYIOUEM Harpy:KeHHH NpeleJbHOH NOBTOPHOH Harpyskod ymeHb-
maer nmporu6el 0aJKH 10 CPaBHEHHIO ¢ Nporu6aMH IIpH MOBTOPHOM Harpy-
KeHnu Oauiku cpasy mnpemesbHofi Harpysko#i. Ilpum mpeasapHTesNbHOH TpeHH-
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pyiomeil Harpyske Oanku Ne 10 TNOJHBIA M OCTATOUHBIE NPOTHGH IOCJE
114 000 moBTOpenHii Harpysku (M3 HHX OKoJO 56 000 IpH npenesbHON Ha-
rpyske) coctaBuad 5,03 mm u 2,57 mm. dast Gankn Ne 9, KOTOpasi HCIBITHI-
BaJlaCh Cpasy MpefeJIbHOH Harpyskoil, mocye 38 300 mOBTOpeHHH Harpysku
nporuGer coctaBuin 6,50 mm u 3,96 mm. Takum o6pasom, mis Gaakun Ne 10
nporu6sl meHblle Ha 23% u Ha 359%.
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Puc. 22,

3. Ilpn noaBuKHOH Harpyske, pPaBHOH TeOPeTHUECKOH MNpeledbHON Ha-
rpy3Ke [pH OLHOKPATHOM CTaTHYECKOM HarpyXKeHHM, yXKe IIPd BTOPOM TNpO-
XOMICHHH HarpyskH Oajika jpaGoraer Kak ympyras. [locaexyioime Ipoxo-
KACHHA HArpysKH YyBeJHYMBAIOT OCTAaTOYHble Ae(OpPMailMH HE3HAUYHTEJBHO,
M Iocje HeOOJIBLIOrO 4YHC/Ia IPOXOXMACHHH HArpy3KH HapacTaHHe OCTaTou-
HbIX Jedopmanuil npexkpamaerca. IIpn Harpyske, HECKOJIBKO IIpeBbIIAOLIEH
TEOPETHUYECKYIO MpeNeJIbHYIO HAarpysky, Takke NPOMCXOIHT GBICTPOE 3aTyXa-
HHE OCTATOYHBIX Ae(OpMaLuH, W NPH NOBTOPHBIX MPOXOXKAEHHAX HArpysKH
Oanka paGoraeT Kak ymnpyras.

IIpepBaputenbHast TpeHMPOBKA O6ajKu MOBTOPHBIMH IPOXOXKAEHHAMHU
Harpy3Ku MeHbllle MNpeleJbHOH HArpy3KH 3HAUHTEJBHO CHHXKAeT IOJHbIe
M OcratouHble JedopMauuu GajKkH, KaK H INPH HCIBITAHHH TOBTOPHOI
HaTpPy3KOH, NPHKJIafbiBaeMOH B OXHOM H TOM Ke MecTe.

3. PesyabraTel onbiToB ¢ GajJkaMH ABYTAaBPOBOIO CedeHHs

Ha puc. 23 nokasano ceueHue ONBITHBIX JBYTaBPOBHIX GajioK. Pasmepsl
CceueHHi OTAEJIBHbIX 0alOK HMeJH HeGOJBIIHE OTKJIOHEHHS OT pa3Mepos,
NpUBEIEHHbIX Ha pHUC. 23.

Taxk ke kak ¥ GaNKH NPAMOYrOJHHOTO CEUEHHs, ABYTaBPOBble GaJKH
HCHBITLIBAJIHCh CTaTHYECKOH (ONHONpOJIETHbIE H JABYXIpOJIeTHble 6ajkH),
TIOBTOPHOH H TOJBUXKHOHU HarpyaKaMH.

Wcnbmanns OByXNpOJIeTHBIX 0ajloK CTAaTHYECKOH COCPeIOTOYEHHOH Ha-
TPY3KOH B OJHOM H3 NIPOJIETOB He IIOKA3aJH KaKHX-THGO OCOGEHHOCTEH [0
CP2BHEHHIO ¢ HCNBITAHHSMH 6aJOK NDPSMOYTOJBLHOTO CeueHHS.

Huarpammer nedopManuii He HMEIOT Pe3KHX H3OMOB, KOTOPHIE [OSBO-
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Juau  6bl ONpENesUTb NPeNeJbHYIO Harpysky. BbipaBHuBaHHE MOMEHTOB
TakKe He NPOUCXOAMT. MOMEHTB HauMeHee OTJIHYAIOTCs IPYyr OT Apyra NpH
Harpyske, HECKOJIBKO Ooviblllel, ueM TeopeTHuecKas NpelesibHasi Harpyska.

McnbiTanus MMOBTOPHOH HAarpyskoH [Iajd TaKHe Ke pesyJbTaThl, Kak
W HCIBITAHHS 6ajok MpPSIMOYroJbHOTO cedeHus. Mcenbitanel nse Gankd
(Ne 8 u 9). Banka Ne 8 cpasy ucnwiThiBatiach Harpyskoid [I’r= 1300 xe,
paBHOU TEOpeTHYECKOH Ipe-

JenbHOU Harpy3ke. Harpys-  fww
Ka NPHUKJIafbiBajach B mpa- 7] BL7400 |
BOM I[IpoOJieTe, Ha pacCrosi- g (i bt |
uni 0,4142 [ or kpaimeli | Prl30D £ fﬁg‘g”{ '
‘OIIOPBI. . &7l 311 AARAIN
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Y ]
‘ ; , 2 ] :
Q |14 / 1000° 20 | 30 Ww | 50 ,
0 N I I i - s010*
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Puc. 23. Puc. 24.

Ha puc. 24 npuBeleHb! guarpaMMbl Nporu6os B 3aBUCHMOCTH OT “HCJIa
MOBTOPEHUH HATPYsKH. DTH JUArPaMMBl sICHO IIOKa3blBAlOT CTAOHJIHM3ALMIO
nedopmanuit nocie 15000 mosropernnii Harpysku. ITocaie 25 000 MOBTOPEHHH
Obuia cyyaliHO RoNylleHa HeOoJbiuasi Meperpyska, Ho JedopMmauuy ONsThH
GHICTPO CTaGuaH3MpoBasHch. Janee Harpyska Gbuia yseandena o 1400 xe,
yro cocrasaser 1,07 OT TeopeTHueckoil npenesibHOH Harpyskd. OUbIT OB
npexpalen rnocie 58 500 moBropenuil HAarPy3KH, XOTf IHOJHAas CTaGU/IM3alHS
IedopMaimii eme He HacTynuia. [Ipu nperenpHON Harpyske Pr= 1300 e,
nocie 43000 MOBTOpeHHH HALpY3KH, NOJNHBIH NpOru6 momyunics 5,03 MM
u O'CT-a’_I‘O“{HbIﬁ 3,14 mm.
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Puc. 25.

Bropas 6amxa, Ne 9, HCHBITHIBAJACh € TPEABAPHTENbHOM TPEHHPOBKOH
HArpy3KaMH, AAIOUMMH [JacTHYecKue JAepopMalluH, HO MEHBUIHMH, UeM
-TeopeTHuecKas npejejbHas Harpyska. s panHoll GasiKM Harpyska npeieJa
ynpyroit pabotsl P= 911 ke, npemesibHasi Harpyska Pr= 1340 k2. Ilpu
MCTIBITAHHU NPMHATHl CTylieHH Harpysku 1000, 1100, 1200, 1300, 1400
u 1500 ke (puc. 25). BeilencTBie MPeIBAPUTENbHON TPEHUDPOBKH, KaK H JUIs
6aJI0K TNPAMOYIOJBIOr0 CeueHHsl, MPOTHOBl M YNJIMHEHHS BOJIOKOH IOJYHH-
JHCh MeHblle, yeM Js Gajkd Ne 8, HCHBITaHHOH G6e3 NpeABapUTENbHOH
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TpenupoBku. [Ipu narpyske 1300 k2, uto Ha 39% MeHblue npegesbHOl Ha-
TPY3KH, NOJIHbIA H OCTATOYHBIA MPOrMGHI, Tocie 45 430 noBTOpeHHil HArpysKH
cocTaBuiH 2,88 mm u 1,17 mm, uTo MeHblle NPoru6oB mis Baaku Ne 8 Ha 43
K 63%. daxe npu Harpyske 1400 ke (1,045 or npemesbHOR HarpyskH) npo-
THOBI TIOJYYHJIHCh MEHDBIUWMH, 4YeM HpoTHObl Oaixu Ne 8 Tpu IpefenbHO
Harpysxe; OHH CoCTaBuJH 3,40 mM u 1,59 mm smecto 503 mm u 3,14 mm,
T. €. Obi Ha 31 u 499% wMeHbiue.

Takum 06pasoM, npexsapuTesbHas TPEHHPOBKA 6aJoK MeHblied Harpys-
KOH NMpH JBYTABPOBOM CeYeHHH NaeT GoJibliee CHHKEHHe NPOTHGOB, yeM MpH
NpsAMOYTroJibHOM ceueHHH. OcTaToyHble NPOrH6GHl CHHAKAIOTCS B OOJbIIEH CTe-
NeHH, 4eM nojueie. B taba. 2 npuBeneHbl 3HaueHHs IMOMAHBIX, OCTATOYHBIX
W VODYTHX NPOrHOOB 1sisi 6ajlOK NPSIMOYTOJIBHOTO ¥ JABYTaBPOBOIO CeYeHHIl.
Yucno noBTOpeHHH Harpysku Bes[e YKa3saHO OT Hauyaja OMbITa.

Ta6banua 2

Teoperny, [OnMI-

marpyska | Has |y, oo Iporu6 (i)

$opma| Ho- : — | noBs- 7
/ w T noB- oct
ceye- | mep ; TOp- i —
una | Ganiu| (€4 | (c4) | (ea?) P, P, | mas ngg Fl7 f Tyap
(x2) | (x2) | Harp. ocT ynp
P(x2)
ITps- 9 441 | 294 | 441 | 611 | 1105 | 1105 | 38200 6,50 | 3,96 2,54 | 1,85

MO-
yroan-| 10 445 | 2,98 | 447 | 620 | 1120 | 900 | 2340

Hasn
: 1000 | 57350] 2,84 | 0,55 | 2,19
1120 114000( 5,03 | 2,57 | 246 | 1,045

1200 (176000

fss-| 8 | 837 | 436 | 520 | 905 | 1302 | 1300 | 43000/ 503 | 3,14 | 1,89 | 1,66
TaBpo-
Ban | 9 | 846 | 4,39 | 534 | 911 | 1340 | 1400 | 53500 6,07 | 4,10 | 197

1000 | 3260/ 1,53 | 0,19 | 1,34

B ta6a. 2 nojguepkHyThl 3HaueHHS,
OTHOCSILIMECS] K MpelesbHbiM Harpys- | 1100 | 10360 1,85 | 0,35 | 1,50
kKaM. Jlna Ganku Ne 9 nByraBpoBoro 1200 | 16350 2,06 | 046 | 1.60
CCUEHHS NOAUYEPKHYTHI 3HAUEHHUSA, OTHO- i
calWHecs K JABYM Harpyskam (1300 1300 | 45430] 2,88 | 1,17 | 1,71 | 0,685
u 1400 x2), u3 koux oaHa Medboine, | N
a upyrasi 6oJblLIe NpeNesbHOl Harpys- 1400 | 65200 3,45 | 1,59 | 1,86 0,855
Ku 1340 xe. M3 mnocsenHero crosbua
TabJHUbl BHAHO, KAK 3aMeTHO CHH- 1500 |116080 5,31 | 3,24 | 2,07 | 1,565
JKAeTCA OTHOLIEHHE OCTATOUHOrO MPO-
ruéa K ympyromy npH HpeiBapuTe/b-
HOH TPEHHPOBKe 6aJlOK Harpy3Koil, MeHbLIell, yeM npegenbHasi Harpyska.
OcoGeHHO 3TO 3aMeTHO ISt 6aJloK ABYTaBPOBOTO CEYEHMS, I'[e¢ 3TO OTHOIle-
HHE Jla)Ke MeHblile eJHHHUIEL.

Hcnbitanus AByXnpoaeTHb X 6GaJioK NOABUKHOR
Harpysko#

Hcnpirans npe Gasku, Ne 7 u 6. PexkuM uchbiTanus Gajiok JABYTaBpoO-
BOTO ceueHHs OblJi HECKOJIKO H3MEHEH II0 CPaBHEHWIO ¢ GamKaMi IpsIMO-
YTOJIbHOTO CeYEHHs; HHTepBalbl HAarpyxewus cocraBassiv 1,4 mm (aBToma-
THUYGCKOE MEPEMELUCHNE HArPy3KH) BMeCTO 25 Mam IJisi Gajlok HPAMOYIOJib-
HOTO ceyeHus (nepeMellleHHe HATPY3KH BPYYHyI0). Takde YCJOBHS MCMbITA-
HHsl MeHee OJIarONMpHATHB A/ GalKW, TaK KaK HArpyska, Namollas MIacTH-

7—53. 97

Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4



Sanitized Copy Approved for Release 2010/04/21 : CIA-RDP80T00246A032500880001-4

geckue AcOpMalUM, NPHKJIAALIBACTCS B COJbICM UHCTE ceueHuid  Oaak,
W TOTOMY TOJIHbIE 1l OCTATOUHble MPOrHdbl LOJLKHBI NOJIYHITHCSA GONBLIMMIL.
OnbIThl MOATBCPANN 3TO Npeanosoxenue. [Ipeanosnaranoch Takwe, HTO MO
AHAJIOTHH ¢ GalKaMH TPSIMOYTOJLHOTO CeueHis NMPH TOBTOPIBIX IMPOXOKAL-
HUSIX HArpyS8KH 3aTyXaHHe poCTa IOJIHBIX H OCTATOUYHbIX aedopmannit Gyacrt
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Puc. 26.

MPOHCXOHTb OUCHb GLICTPO, Yepe3 2—3 NMPOXOKIEHHS, 1 UTO NpPeiBapiTeIb:
Has TPEHHPOBKA GaJKU MPOXOKACHNSAMH HATrPY3KH, MeHblUeil, 4eM TpPeAchb-
Hasi, 3aMETHO CHH3HT IOJMbIE H OCTATOUHBIC NPOrHGbl IPU JIPOXCIKACHIAXN
npeaeJbHON HArpysku. B JIeHCTBHTEABHOCTI! K€ OKa3aacch, UTO IIpeKpallle-
wiie pocra acdopmannii MPOUCXOAWT 3HAUNTEJBHO MNO3XKE, MNCCIC 70—100
MPOXOKICHHIT HATPY3KH, 4 NpeNBapHTeNbHas TPEHHPOBKA Ganki HE CLuKact
aedopvanun. OGbsacIeHne ITUX PaACXOK/IEHHI B pesyibTaTax UCITbITaHH i
6aJl0K MPAMOYTONBHOTO M JBYTABPOBOTO CEUYEHHil OyAeT NpHBeleHO faJjee.

Baaka Ne 7 HCILITBIBASAch Ipepesbioil Harpyskoi 1350 ke, BLIuHCICH-
HOli TeopeTHYeCKH B TMPEANOJOXKEHHH OJHOKPATHOTO HArpy»KeHHH GaJgku
B ceuennn 0,4142 [ or xpaiineil omopni. Harpyska, coorBercTBylioulas :pc-
feay yipyroit pabotbr Gasku, paBma 922 re. Ha puc. 26 noxasambl JIHHUH
BAMAHHS TIOJNHBIX TIPOrMGOB B JEBOM H NpaBoM mposerax. ITyHKTHpOM mOKa-
%
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SAHLL JUHIT BANSUNS VIPYTHX uacTell MporiGos, MOJydYeHHble Kak PasHOCTH
OMBITHBIN MOTHLIX M OCTATOYHbBIX Mporu6os. Ha puc. 27 nokasansi guarpaMbi
HOJANBIN 1 CCTATOUHBIX TIPOTHOOB B 3aBHCHMOCTH OT UHCJAA  NPOXOKICHHIT
ltarpyski. B Teucnue nepebix 12 npoxoxaeHui Harpyska nepeMellanach
4epes 25 Ma; TIPH 3TOM, KaK BHAHO H3 puc. 27, yae nameyamach crabuan-
sauniid nporusos. Ilpu  1asbHeluX mpoXoKaeHHsX Harpyskn HHTepBaJ
harpyxenis coctaBasiai 1,4 mm. Tpu 3tom mporu6el nauasm Criepsa 3aMeTHo
BO3pacrarh, a 3ateM, nocac 70 mpoxommeHuit Harpysin, poer HX TIpeKpa-
THCS. ITO BHIHO Takke 13 puc. 26, rae NpUBEAeHbl JANWI BJIHSHHS npo-
rudos npu nepebix 12 npoxommenusx (or 1 1o 6’) 1 nmpn ABYX NCCACRIHX
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Puc. 27.

npoxomaennsx (36 n 36’). Cnepsa nporuGol B JeBOM npoJicte Obldd 3aMETHO
GeablMi, ueM B IpasoM. DTo oObACHSETCS TeM, YTO ONbIT HayHHaJCH
¢ ABHAKEHHUA Tpysa B Jjesom npogete. IMocie npumepro 50 npoxoxaenufl
HarpysiKu nporudel 060HX NMPCJIETOB EBIPABHAMICH H 3aTeM [0 KOHIA ONbiTa
OCTABAJHCE HPHMCPHO OAHHAKOBbIMH (puc. 27). TToJHbIE M 0CTaTOUHDII npo-
rit0bl NOCAC 72 MPONOKACHHA HATPY3KI cOCTARIIH 8,65 U 6,73 MM B npaBoM
npodere w 872 u 6,90 MM B AeBOM NpoJieTe, T. e. GbLIM 3HAUMTEILHO 00J1b-
LIHMH, YeM NpH MOBTOPHOH Harpyake.

Bropas 6anxa Ne 6 wucmbithleasach ¢ NpeABapUTENLHOH TpPeHUPOBKOI
HATDYSKAMH, MCHBLIHMH, uem rnpeieabHas. IlepBasi crynmeib narpyskn —
1600 ke —— cootserctByeT nmoanomy IJIACTHYECKOMY CCCTOSIHHIO MCJIOK GaJIKH;
bropas crynmenb — 1200 xe, Tpetust — 1328 ke — npegcabhas HarpysKa.

Ha puc. 28 nokasansr anarpammul nporu0oB B 3aBUCHMOCTH CT 4YHCJa
NOBTOPCHKIT HArpyvaku. Ilpu Harpysxax, Menblinx, ey npeiedbHast Harpyska,
AcopMaunH cTaGIIN3HPOBAJIHCE O4EHb 6pictpo. Ilpu mperesnnHoll narpyske,
Hac0opoT, crabuan3auns nporudcs HaMeTHaIach [IPUMEPHO TOJBKO HoOCJe
80 MOBTOPHBIX NPOXOXKIEHHI HATrPy3KH, TIpU4CM nporibul o0CHX TPOJIETOB,
Kak 1 1pu uenwrraniy Gaaxkn Ne 7, mouTd cpaBHSLIHC. [loqHbIe U OCTATOY-
Hble nporusdel cocTasian 9,58 u 7,66 mu B npasoM npogete u 9,12 u 7,20 mu
B JCBOM NPOJICTe, T. €. OblIH HECKOIbKO GOJBLIMMH, 4eM xi1s Gaaku Ne 7,
YTO OODBACHACTCS HECKOILKO MEHBLIMMH pa3MepaMi ceuenns 6aiki Ne 6.

[Tpu nenbitannn ofeux 6anoxk HabIOIAMUCH NPOTHGbl He TOJABLKO B Bep-
THKAJbLHOH TJIOCKOCTH, HO M B FCDH30HTaJbHOM. B 060HX nposetax G60KoBble
mporuGul HANpPaBJCHEL B OJHY ¢TOpoHy. Kpome TOTO, THOJIYUHJHCh HeGOJblIoe
CKpYUHBAHIIC GaslOK I NEPeKOCHl CeucHHI B CPEHHX yyacTKax OBOHX npoJe-
toB. [lpu ucnuitanun aByTasposbIX Gasok TOBTOPDHOH Harpyskod GOKOBBIe
NporuGbl Takke HaOJIO1AMHCh, HO PeCbMa He3HAUHTEbHbIE, Ilpn craTnueckoii
KC harpysKe It IIpil UCTIBITaHHH GafioK NPSIMOYTOJIBHOTO CEYeHHs MOBTOPHOI
H TOJBHXKHOH HAarpyskaMu GOKOBBLIE IIPOTHOBI OTCYTCTBOBAJIH.
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BokoBele mporu6bl, mepekochl CEYEHHH U CKPYUHBaHHE OODBACHAIOTCA
cleyomyMy npuunHamMy. IIpH noasukHo#l Harpyske o6pasyioTcst 3Hauu-
TeJIbHble 1O JJIMHe 30HbI TeKydecTH. [Ipu npenesbHOH Harpyske 3TH 30HBI
OXBaTLIBAIOT BCe cedyeHUs. B cpemuux yyacTkax oBOHX NpOJIeTOB # Hal CPel-
Hed onopod nmpu o6pa3soBaHMU 30H TEKY4eCTH MOAYJAb AepopMauuu 3HayH-
TEJBHO YMEHBIUHUJICS, YTO PE3KO CHUXKAeT 3HaueHHe KPHTHUECKOH HarpyskH
obuel ycrodunBocTd Gasku. [IpH rOpU3OHTaNBHOH INIOMIAJKe TEKydecTH
U OTCYTCTBHH YNPOYHEHHS Ha AHaTpaMMe pacTsKeHHs] 3TOT MOAYJib paBeH
HyJ10. B neficTBHTeNbHOCTH Ke MoAyJdb OyaerT OGojibllle HYyJs, TakK Kak
B NoJkax OydeT uMeTb MecTo ynpouHenue. Takum o6pasoM, DpUYHHON obpa-
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Puc. 28.

30BaHUs ‘GOKOBbIX HPOTHOOB H CKPYUHBAHUS CJeLyeT CUHTAThb HOTeplo 0flleh
YCTOHUMBOCTH GaJKH BCIEACTBHE 00pPAa30BaHMS 3HAUUTEJNLHBLIX NTO JJIHHC 30H
TekyyecTH. Kpome Toro, HarpysouHoe npucrnocoOJi€HHE MallMHbl B MOMEHT
pasrpyskd paer HeOoJbUIOE TOPU30OHTaJ/bHOE YCHJHE, OOYCJOBJEHHOE KOH-
crpykuned Maiuuubl., HampasneHune 6GoxkoBbix AedopMmalMil ccBnajgaetT € Ha-
npaBJeHHeM 3THX ycuiuid. IIpH HCNbITAaHHW ABYTaBPOBBIX 0aJI0K IMOJABHIKHOIL
Harpyskod HaOJIOAAMHCh elle OCTaToyHble JedopMalyid BepXHEro Iosica, Io
gCell ero AjuHe, B8 BHAE ,,rpuboBuaHocTH®. B HHmKHeM nosce Takue Aedop-
Maly He Habgoganuch. IIpuunHO# aTHX pedopMauuil sBJsieTcs 00pa3oBa-
HHe MeCTHbIX IIACTHUeCKHX JedopManuili BcJeACTBHe BIABJUBAHMSA Harpy-
304YHOIO BaJiKa B BEPXHUH NOSIC U CMeLleHHs MaTepHaJia Tosica 1oJ BaJin-
KOM B CTODOHBl He TOJILKO BAOJb GajiKH, HO U IONepeK. IJTO CMelleHHe
B BEPXHMX BOJIOKHAX H MNpPHBENO K Je(OopMalHH IOJIOK.

BuiBoabl

Hcneltanuss ABYXnposieTHbIX  6ajloK NMPSIMOYTOJIbHOTG M JIBYTaBPOBOLO
ceueHHi NpU TNOBTOPHOH M IOABHKHOU Harpyske IIOKasalu cCJefgylolee.

1. IToBTOpHOE mpHJIOXKeHHe NpeleJbHOH HAarpysKH, BbIUHCJIEHHOH Teope-
THYeCKH HA OCHOBAHUHM TEOPHH BbIDABHUBAHHS MOMEHTOB, NPHBOLMT K Hpe-
Kpawendio Hapacranus pepopmauuit nocae 5000—10000 mnoBTOpenni
HarpysKu.

IIpy Harpyske, HecKoJIbKO OoJiblilell, YeM TeopeTHUYeCKas MpejesbHast
Harpyska (Ha 10-—15%), Takke HPOHCXOAMT cTabumMBalus AepopMauni,
HO mnocjie GOSblIero Yucja NOBTOPEHHH HarpysKH.

[penensHoit HarTpy3koll cjefyeT CuUUTaTh Ty HArpy3Ky, NPH JOBTOPEHHH
KOTOPOH MpPOUCXOMUT crabuiusauus nepopmauuid. Takum o6pa3oM, OmnbiTHAS
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MPEAC/IbHAS HAarpy3Ka He MeHbIUE TeOPETHYeCKOH, BbIUHCJCHHOH B npeAlono-
KEHHH OZHOKDATHOTO CTATHYECKOTO HArDYXKeHH,

2. IlpenpaputenbHas TpeHUPOBKA 6aJKu MOBTOPHOH HArpyskoi, paioieii
TVIaCTHYECKHEe JeDOpMaluuy, HO MeHblIeH, uem TeOpeTHYECKas MNpeaesabHast
HAarpyska, 3aMeTHO CHHKAeT AeOpPMalMH NPH NOBTOPEHHH npeaebHOR Ha-
PY3KH, 10 CDABHEHHIO ¢ AeDOPMALHAMH, MNONYYeHHbIMH pY  HarpyXKeHHH
NICBTOPHOH NpenesbHONH Harpyskoll Ges [IpEABAPHTENILHON TPEHHPOBKH MEHb-
uledl Harpyskofl. IT0 OTHOCHTCH KaK K Gajikam NPAMOYTOJIBHOTO, T4K H ABY-
TaBPOBOIO CeueHHH.

3. IloBTopHOe mNpU/IOXKEHHE MNOABHIKHON OpelesbHOH HarpyskH, BbIYH-
CJICHHOH TEOPeTHYECKH B IPeIIOJIOKeHHH OJHOKDATHOTO CTAaTHYECKOT'd IIpH-
JIOXKCHUsS e B onacHoM ceyenuu Gasaku (0,4142 [ o KpaiiHe#dl omopkl), npu-
BOLHT K 3HAUMTEJILHO GoJiee OBICTPOMY NpeKpalleHHIo HapacTanus nedop-
MalnH, 4eM NpH MOBTOPHOH HATDPYy3Ke, NPHKJIAABIBACMONA B OJHOM H TOM 3Ke
cevennu. s 6asoK IPAMOYrOJIBHOTO CeyeHHs cTabuimsamms gedopmanui
MPOHCXOANT N0CJe 3—3 IOBTOPHBIX IIPOXOXKICHHUIT Harpysku, a AJsti 6aJiok
ABYTaBPOBOTO ceyenust — mnocse 70—100 mpoxoxueHuii.

Xynume pesysbTaTel st GajoK ABYTaBPOBOTO <CeYeHUss OGBLACHSIOTCS
noreped obulel YCTOUUMBOCTH GasKu NpH 00pasoBaHHM B30H ITACTHYECKHX
neopmaunit, a Taxkxe HOKOTOPLIMH ~ HEJOCTAaTKAMU  ONBITHOH  YCTAHOBKH
(otcyTeTBHE B mposeTax 3aKpeIVIeHHH, NPeNsTCTBYIONUX GOKOBOMY H3rHGY
Gankm).

[Tpu noBTOPHBIX MpoxoKIEHHAX Harpyskn Ganka paGoTaer kak ynmpyras
€ TMOCTOSIHHBIMH OCTATOYHBIMH AehOpMalHsIMH,

4. IlpeasapuresibHast TPeHHPOBKA MOMBHIKHDIMU Harpyskamu, maiolHMU
NracTHUeCKHe NeOpMalyy, HO MeHBIINMH, YeM mpefesbHast HarpysKa, NpH-
BCANT K 3aMETHOMY CHUXKeHHIO gedopmauuii Gajsox NPSIMOYTOJIBHOrO ceye-
Husl IpH OpenefibHOd Harpyske. Jag Gasok ABYTaBPOBOro CeUeHHUsT MpelBa-
PUTeIbHAsT TDEHHPOBKA HE CHMXKAET Ae(OPMalHH, uTO o6 bICHIETCS norepeii
cOuIel yCTORUHBOCTH GasKM TIPH 3HAYHTRIBHOM PA3BUTHH 30H IIACTHUYCCKUX
dedopManuii Npu npeaespHOM Harpyske.

5. Bansinue kacaTenbHbIX HaNDSDKeHUH Ha BeJAMYHHY IMpeAeJbHON Ha-
FPY3KH IIDH NPHHATBIX pa3dMepax OMbITHLIX ‘GaJOK BEChbMa HEe3HAUHTENBHO [i1].
B naunbix 6ajikax aBYTaBPOBOro ceuemms 06pa3oBaHHe MIACTHYECKHX 30H
NPOHCXOMUT CNepBa B MNOJKaX, a 3aTeM B CreHke. IIpi omerax 3To noa-
TBEPIAMJIOCH MOKA3AHUAMH TeH30METPOB. JloCTHIKEeHHEe HecylleH CnocOGHOCTH
G2JIKH BCJCACTBHE OGPA30BAHMS TIACTHUECKHX dedopMannii B cTeHKe, a He
B NOJIKax, Ha BOSMOXKHOCTb uero ykaszan B. M. Bpoyne [12], 8 naunom cay-
wae, NMpH NPHHATBIX COOTHOIUEHHAX DPasMepoB, HCKIIOUAETCH.

6. Ha ocHoBaHHu npoBegeHHBIX ONMBLITOB NpelesIbHOe COCTOSIHHE ABYXIPO-
JICTHOH Hepa3pe3Hoil GaJIKH MPH TIOLBUKHOMN Harpyske OIpenesiseTcss Harpys-
KOH, KOTODasi BO BCSAKOM CJIyyae HE MeHbIIe TEOPETHYECKOH INpeaebHON
HATPY3KH, BLIYHCJCHHON HA OCHOBAHHH TEOPHH BBbIDABHHBAHHS MOMEHTGB,
B NPCATIONOKEHUN ONHOKPATHOTO NMPHJIOKEHHS ee B OaCHOM CCYeHHH. Ipen-
NMONAraeTCsl, KOHEUHO, uTO GaJKM MOLBEPXKEHBI TaKOMy UHCJIY NIGBTOPEHH
HATPYSKH, NIDH KOTOPOM fiBJIeHHE YCTaJIOCTH ellle MOJKHO He YUHTbIBATb.

OueBHIHO, NMpPUBENEHHBIE 31eCh BHIBOIbI MOTYT OBITb pPacIPOCTPaHeHb!
"2 JIpyTHE CXeMbl Hepa3pe3HbIX 6aslOK MOCTOSIHHOTO CeYeHHs, T. €. ¢ UHCJIOM
NPOJIETOB, GOJIBIIHM JBYX.

»
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HHCTHTYT CTPOUTEJIbHOWM MEXAHHMKHW AKAILEMHH HAYK ¥YCCP
1953 CBOPHHK TPYI10B Ne 18

YCTAJIOCTHAA NPOYHOCTb MPEJABAPHUTEJIbHO PACTSIHYTOM
CTAJIH

H. H. Yeprax

B cratbe u3doxeda paspaGomHHaH dBTOPOM MCTOAHK2 H3MepeHHsT INJIACTHYECKHX

AchopMallil H MOKA3aHO BJHMSAHIIE NPe]BaPHTELHONH AedppMalliu PACTSIKEHHS: HA BbIHOCJIHU-
ROCTL cTadan 45 n 40X.

Hcceaenosaune sansuns XoJdoAHoH niacTuueckoil aeopMalii Ha Mexa-
HHUCCKHC XaPAKTEPHCTHKH MET4JI0B NPEACTaBJsieT GOJbLLIOH HAay4HbIA U NpPH-
KJalHoil uHTepec.

MHuorne M3 COBp@MEHHBIX METOZOB OBEPXHOCTHOTO YIMPOUHEHHs! jJeTaJeil
Matiii (06KaTka pPOJUKOM, ILpO6eCprﬁHaH 00paboTKa U Ap.) OCHOBAHbI Ha
TOM, HTO B HOBEPXHOCTHBIX CJOSIX JeTajleli CO3MAIOTCs MuacTHUeCKHe aedop-
mMauii. [lostomy HecnepoBauie BJMSIHES PABHOMEPHOH M HePaBHOMEPHOM
IWIACTHUCCKOIT Ae(popMalil  Ha YCTAJIOCTHYIO MNPOYHOCTb CTaJH SIBJISIETCS
BECLMA AKTYaJbHOH 3ajauedl [Js MAlIHHOCTPOEHHS.

Onpenenenye 3aBHCHMOCTH MeXKAY HANPSDKEHHSIMH M 1eOPMAaLHsMK
B YNpyro-nnacTuyeckod o06/JacTH U H3ydyeHHe 3aKOHOMEPHOCTH H3MeHEeHHs
MCNAHHUCCKHX CBOHCTB MPH IJIACTHYECKHX JedopMauusx OCYLIECTBJISAETCA
¢ MOMOIIbIO METOA0B TEOPHH IVIACTHYHOCTH [1] M IKCIepHMEHTAJIbHBIX HCCJe-
ACBalUH.

flo Bonpocy o naknene uMeercsi OGLIMpHAsi JuTepaTypa (Hanpumep,
[2—5]), nocsileHHas BbIACHEHHIO (U3HYECKOH CTOPOHBI ABAEHHS M DalHO-
HAJbHOMY  TEXHOJIOTHYECKOMY  HCNIOJIb30BAHHIO  CBOMCTB  HAaKJENaHHOro
MeraJjia. OlHaKO BONMPOC O BJHAHHH HaK/ena (PaBHOMEPHOrO W HepaBHOMEp-
HON0) Ha YCTAJOCTHYIO NPOYHOCTb CTAJMH MCCJIEAOBAH COBEPLICHHO HEN0CTa-
To4HO. OcofeHHo MaJo JaHHBIX O BIHSAHHH HAKJeNa, BbI3BAHHOTO pacTs-
JKeHHeM.

B nacrosimeli paGore paccMaTpUBAIOTCS XapPaKTEPHCTHKH BHIHOCJIHBOCTH
CTa1il B 3aBHCHMOCTH OT CTelleHd PAaBHOMEPHOrO HakJjella, BEI3BAHHOTO pac-
TsKenHneM. B ocoorserctBHH ¢ nocraBjeHHOll 3ajadeil MCKJIOUAIOTCA M3 pac-
CMOTPEHHSl BONPOCHI BJHAHHSi OCTATOYHbIX HANPSXKEHHH TNepBoro poja
H HEOJHOPO/IHOCTH MeXaHWYEeCKHX CBOHCTB MO ceyeHHI0. Ipu HccienoBaHHH
PAaBHOMEDHOrO HakJiena M Cro BAMSIHHS Ha MeXaHWuecKHe CBOficTBa MeTaJiyia
11e00X0AMMO 3a/1aBaTb C JOCTATOYHON CTENEeHbId TOUHOCTH PA3JIHUYHYIO BEJIH-
UHHY TI1ACTHYeCKOH AedopMaluy.

HecosepuiencTBo 06bIMHO NPUMEHAEMOHl METOAMKH ONpe/eJeHHs] BEJH-
"HHLL [IPEABAPHTENLHON NJacTHYeCcKol JedopMaluu  sBAsieTCs OHOH U3
CepLE3HLIX NMPHUHH OTCYTCTBHS B JIHTEpPaType JOCTATOUHO MOJNHBIX H 06OCHO-
BaliHLIN MATEPHAJIOB OTHOCHTENLHO BJHMSIHHUS MpPeJBApHTENbHOH Ae(POopMalUH
Ha npenes BBIHOCJHBOCTH CTaJH.

[TosroMy 11€06X0/HMO OBUIO YAETHTH BHHMaHHe pa3paboTKe HameXHOMH
METOJHKH H3MEpeHHs MJIaCTHYeCKHX /:Le(bopMauHH o6pasuos B mpouecce X
nedopMuposatust [6].
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1. Mertoguka nedOpMMPOBAHMA H H3MEDEHHS MNJIACTHYECKHX Aedopmaumi

Jlas mpexBapuTesBHOTO Aedop 1MPOBaHMA MeTaja B YCJOBUSIX pacTsi-
KeHHst M cXaTdusg Oblii CIPOEKTHPOBAHBI M  H3TOTOBJEHBI ClIelMaAJIbHbIE
ob6pasubi u npucrnocobaerns. Ha puc. 1 mocienoBaTeslbHO  IIOKa3aHbI:
a4 — HCXONHAas 3aroToBKa, 6 — oOpaseil, HOJYyYeHHbIH U3 3aTrOTOBKH H MPEX-
Ha3HAYeHHBIH JJIsE CTATHYECKOTO HCMNBITAHHSI Ha pacTsaXkeHHe — CXKAaTHe,
8 — obpa3sel, MOJYYCHHBIH nocrie je-
dopmupoBanusi ¥ 06pabOTKH TOJOBOK
M TpelHa3HAYeHHbIH [/ HCIbITAHHA
Ha ycrajocTh Ha MamuHe ,,HY“ (uynm-
CTHIH W3ru6 NpH BPalICHHH).

Puc. 1. Puc. 2.

CoOoTBeTCTBEHHO Ha pHC. 2 TOKasaHbl: a4 — HCXOJHasl '3aroToBKa,
6 — obpasel] sl CTATHUECKOT'O HCIBITAHHS U 8 — 0oOpasell JJisl HCUbITAHHSA
Ha ycTanocTb Ha MalunHe Mypa (YHCTBIH M3ru® NpH BpallleHuHn).

Has coxpaHeHusi MPSAMOJUHEHHOCTH oM 00pasloB, I[0Ka3aHHbIX Ha
puc. 1,6 1 2,6 npU MX HCHBITAHUK Ha PACTSKEHHE — CXKaTHe, ObUIO CIIPOeK-
THPOBAHO ¥ H3rOTOBJIEHO CleliMajlbHOe MPHCIOCOO/eHHe, YepTe KOTOpOru
H3o0paKen Ha pHC. 3.

Yactu 3TOr0 npHCIoco0erys: HalpaB/IsSIOUMA UATHHAD H LHJAMHADHYE-
CKHE BKJAAblIM C BBHHYCHHbIM B HHX 00pa3lLOM [OKa3aHbl Ha puc. 4.
B coGpanxoM Bujae 3TO npucnocobjieHHe NOKa3aHO Ha pHC. .

Ilna uaMmepenusi nuactuueckux jedopmanuii B npomecce aepopMHPO-
BaHHA Obla paspaoTaHa crepHalbHas MeTOAWKa. JTa METOAMKA OCHOBaHa
Ha TOM, 4TO [epeMellieHHsl TOoYeK IMJIACTHUeCKH Ae(OpMHpYeMOoro tesa mpe-
obpasyiotcss B Ae(pOpMalnHH YIPYroro 3jeMeHTa. YNPYrHil 3JeMeHT B BHIe
TOHKOH CTaJbHOH MJACTHHKH COEIHHSIETCS CBOMMH KOHLAMH ¢ Ga30BbIMH
TOYKAMH HCIBITYyeMOro obpazia.

[TepemelneHusi KOHUOB CTaJbHOH NVIACTHHKH NPHBOAAT K ee M3ruly, He
BHIXOAALIEMY 3a Npejesbl yIPYrocTH AaXe B cjydae GOJbUIMX MJIACTHYECKHX
nedopmammii obpasnua.

Hedbopmauun CTaJbHON TJIACTHHKH H3MEPAIOTCS C MOMOUIbI0 HaKJeeH-
HOTO Ha Heil TEH30MPOBOJIOYHOrO JaTYHKA M anmnapaTypbl, NPHMEHseMOH
OGBIYHO TIPH TEH30M3MEepeHHsIX.

Ha puc. 6,0 cxeMaTHueCKH NOKasaH ynpyrui sjeMeHT c 6asoit AB =1
B HCXOJIHOM COCTOSIHHH (CIUIOLIHAsi JIMHHSI) U B JAe(OPMHUPOBAHHOM COCTOSI-
HHH, KOT/la MCIIbITyeMbiii ofpa3el, Ha KOTOPOM YCTAHOBJIEH YUPYTrHi 3JeMeHT,
ROJyuYHs yajuHenue Al == BB’ (nmyHKTHpHAS JIHHHS).

C unesblo ofecrneueHusi H3MepeHHsi GoabIIHX AedopMmauuid Ha Majoh
6ase 6bia MpPHMeHeHa CXeMa, II0KasaHHas Ha pHc. 6,6.
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B srom cavuae vrpyruit saesent AB cBasail ¢ 0a30BBIMM TOUKQMH Ha
oGpasue uepes yroakin AcAr w BdD,.
Hike npunosites HCKOTOPLIC KOHCTPYKTHBHBIC BapHaHTBI ITIX CXEM.

b

Puc. 4. Puc. 5.

Kpenjaenne yrpyrux 3JeMEeHTOB K ToJIoOBKaM o6pa3la MpOU3BOJHTCSH
¢ MOMOHILIO BitnTOlB (Plc. 7) M cneudanashblx KoJew (puc. 8). Kpemnenune
< VIOPYTUX 3JIEMEHTOB K LMWJMHAPUYECKOH 4YacTH
obpasna 4Yepe3 YIOJIKH OCYLIEeCTBJISCTCS NyTeM

a Al 8 &
! i TIpDUNAHBAHUSL WJM NPHKJICHBAHUA TMOCJIEIHUX
x obpasuy (puc. 9). Ha puc. 9 noxkasanbl Tak-
4 c 4~ 5 JKe JaTudkd, H3Mepsitouide gaedopmanuio o6-
5 | pasua fo nepeMeUleHHsiM TOJOBOK. DTO MO3BO-
4, 5 JiieT noaydath jJuarpaMMbl jedopmauuu  006-
Puc. 6. pasma Mo [nepeMelUcHHSM 6a30BblX TOYEK

B UMJHHAPHYECKON YacTH, a Takxke N0 NepeMe-

ILCHUSIM TOJIOBOK 00pasna W NPOBOAHTb MX CPaBHHTEJbHOE HCCJeloBaHue.

Kpome onmcannoro crnoco6a usmepenust pedopMauuii ¢ NoMOUIbIO YIpy-

THX 2Je€MEHTOB, NPUKPEIJIEHHbIX K oOpasny, Obiia pa3paboTaHa TaKKe KOH-
CTPYKUHS CIENHAaJIbHOIO TEH30MeTpa.

Puc. 7. Puc. 8. Puc. 9.

YuuteiBas, uTo NpH [J1acTHYeCKUX AedopManusax obpasua B NPOAOJbHOM
ANpaBJeHHN NPOUCXO/IHT 3HAYMTEJLHOC W3MEHEHHEe ero MNonepeyHbix pasme-

10G
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POB, HCOOXOAMMO  Oblidv HDH Pa3padoTke KOHCTPYKIGH  COUTBCTCTBY I0LLCIO
TRIBOMETPA VACIUTL 0coB0e BHINMaHKE BOMPOCAM YIIPYTOro GpIHMA HOMKCK
TCHBCMCTPE W COPLsLY. '

i

Puc. 10. Puc. 11.

Od1nnii BHA TAKOTO TCH30METPa C ABYMSI NPWKHMAIOWLIIMI (PY/KHHANME
nokasan ua puc. 10, a ¢ oxHoil npy»xuHoii — Ha puc. ll.

Puc. 12.

! | .
0 g4 Q8 12 6 20 24 28 Jiwm
Puc. 13.

Kpome uaMepenist npo10.bHbIX AedopManiil ITOT TEH30MeTp N03BOMAseT
C NOMOLLbIO TCH30NPOBO/IOYHBIN JdTUHKOB, HAKIEEHHBIX Ha HPHAKHMAIOLIHX
NPVKANAX, BECTH TAKMKC H3MEPeHle Molepeutnix AedopMannii.
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C uenbio nosyueHHsi KONMUYECTBEHHbIX NAHHBIX O 3aBHCHMOCTH MexKAy
TNOKa3aHUAMH NPHOOPOB, PErHCTPHDPYIOUIMX H3MEHEHHsI CONpPOTHBJIEHUS! TeH-
30/1laTYHKOB, U Je(opMalued ynmpyroro 3jeMeHTa, COOTBETCTBYIOLICH H3Me-

Prz

00
200
?a m o 2
2400, 7‘/
2000
16001
b/
800

R LY
T T TR R VR R LR TR R I stk
Puc. 14.

pAemoil muacTuyeckoii aedopMalyH, NPOBOAHTCS TapHPOBKA 3THX YHPYIHX
3JIEMEHTOB C HakJeeHHbIMHU TEH30MPOBOJIOUHBIMU JaTYHKaMUu Ha Kamn6paTope
(puc. 12).

Puc. 15. Pruc. 16.

Kpennenne ynpyroro »ieMenTa IpH €ro TapHpPOBKe Ha KanuGpaTope
OCYLIECTBJISETCS C [OMOILBIO CHNeUHANbHOTO TnpHCrnocobennsi. Y CTaHOBKA
YIPYroro 3JeMeHTa Ha onpejeneHHoil 6a3e MPOK3BO-
JUTCA DM NOMOUIH KannOpa. YNpyrufl sneMeHT B HC-
XOJHOM COCTOSSHMH HAaXOIHTCA B HECKOJbKO H30THYTOM
IOJIOZKEHHH, UTO MO3BOJAET NPOH3BOAUTL €ro TapHPOB-
Ky B YCJOBHAX, COOTBETCTBYIONIMX KaK pacTsKCHHIO
HcneiTyeMoro o6pasna, Tak M €ro CXartHio.

CoOOTBETCTBYIOUINE HM2MEHEHHST 3/JeKTPHUYECKHX Ma-
paMeTpoB TEH30/1aTUHKA, HAKJIEEHHOrO Ha THOKOM 3Je-
MEHTe, INpH ero JAeOpMHPOBAHHH PErHCTPHPYIOTCSH
C nomoublo eiguoro ocuusorpada  HAH  MHILIH-
BoJbTamnepmerpa. OJUH H3 TAPUPOBOYHBIX TI'DA(PHKOB
npuBefieH Ha puc. 13. Ofpaseu ¢ ynpyruvMu 3JemeH-
TaMHM B HamNpaBJfoILEeM LHJIHHIPC, YCTAHOBJCHHOM Ha

Prc. 17. HCMBITATENLHOH MaluHHe, TIOKa3aH Ha puc. 19.
Opna w3 nosyuaeMbIX auarpamm jedopmauuy, mo-
CTPOEHHBIX II0 TOYKAM HA OCHOBAaHWH [I0Ka3aHWH MaTYMKOB, NDHBeJAeHA Ha
puc. 14.
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C 1esblo KOHTPOIS MAKCHMAJbHOM BEJMUMHBI NJACTHYECKOH aedpopMa-
uuM 00pa3ua Ha HeM HAHOCATCH OTNeYATKH alMasHOH MUPAMMIOH Ha MNpH-
Gope Bukkepca (nom Harpyskoit 5—10 k2) u u3MepsieTcs paccTOsIHHE MeXY
HHMH 110 H mocie pedopMHpOBaHus. DTH H3MepPeHHsI YAOGHO IPOM3BOAATCH
Ha HHCTPYMEHTaJbHOM MHKpockone (puc. 16).

OauH M3 OTMEYaTKOB, NMOJYUYEHHBIX BIABJIMBAHHEM AJIMa3HOH MHPAMH bl
B ofpasel], NOKasaH Ha puc. 17.

[Ipedenbhas norpemnocTs B U3MEPEHHsiX He HpeBblNana -5 MK.

2. Bausinve Hakaena pPacTaAXKE€HHEM HA BBIHOCJHHBOCTbL CTaJdH

ITo BONPOCY O BJHSIHHH HA BBIHOCJIHBOCTL CTaJIM HakJena pacTsaxKeHHeM
HMeeTCqd MaJlo JaHHbIX.

Huxe npusoasrcst janHble Hcc/e10BaHU, TIPOH3BEACHHBIX HAM CTaJsMI
C,06% C; 0,24% C; 0,279% C; 0,47% C u 1,10% C o JIUTEPATYypPHBIM jlaH-
HbiM [7-—10].

Ta6auna 1
XuMHuecKui cocTtaB

Y raepon Mapraﬂeu!; erMHHﬁ; Xpom Hukeas Cepa | ®ocdop | JiutepatypHulii
(%) (%) | ) | (a | ) | k) | (%) | mcrounnk
0,96 0,47 0,03 | 0,07 0,25 0,035 0,018 [8]

0,24 0,46 0,37 — — 0,034 0,054 [7]
0,27 0,76 0,33 - — 0,110 0,040 7]
0,47 0,72 023 |  — - B wopme | (9]
1,10 032 ! 022 ; — - 0,063 0,040 [7]
Tabanuna 2
MexarnyeckHe cBoficTsa
Craib
XapakTepncTHKa 0,06 04, C | 0,240/, C 0,27 94 C | 0,47 0/, C | 1,10 24 C
(8] (7] [7] [9] (7

[penes nponopunoHaNbHOCTH (k2 Mat?) 21,5 20,5 ; 30,0 - 28,6

l'penen Texyvectn (x2/mu) 23,3 - ’ — 33,7 —

ﬂpeuen lPOYHOCTH (K2 MM?) 35,0 41,9 ' 52,3 62,4 72,1

OrHocuTesbHOE ya1HHERHE (0/) 40,5 32,4 | 26,0 32,0 10,9

OrtHocHTeabHOE CyxeHHe (%) 75,0 64,0 yl 55,5 48,5 24,3

Haxkneny pacrsixeHueM M0ABEepraiuch 3arOTOBKH, M3 KOTOPBIX 3aTeM
BbITAYMBATHCh 00PasIbl AJIT YCTAJOCTHBIX HCNBITAHHUEL.

JInamerpel 3arotoBOK M 00pasuoB H3 VKa3aHHbIX BblllIe CcTaJeli
(cm. Taba. 1 u 2) mpuseaennl B Taba. 3.

Ta6anma 3
HuameTpbl 3aroToBok ¥ o6pa3uos

Crazs 0,0524 C| 0,24¢04 C; 0,279, C; 1,109, C {0,474 C
(8] [7] (9}
JuameTp 3aroTOBKH (MAt) 28 15 20
Huamerp obpasua (mi) 12 7,0 2
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-

Craau ¢ 0,06 u 0,47% C 6blad HOPMAIH30BAHEl B 3arOTOBKAX.

Henwitanne na verasocTs o6pazuoB d = 7,5 au BeJochb HA  ManinHe
Ilenka (umcTeii 13ri6 npu BpauleHut), a o6pasuoB d = 2 um v d == 17 xu
Ha KOICOJIBHBIX MallHHaX.

<

[$S

1401

130

0 g

100

PegyabtaTel 3THX HCnbITanuil npeacTasieHsl B Tat.d. 4 n una puc. 18,
rie fpHBeicHbl XapaKTEPHCTHKH BBIHOCJAHBOCTH CTajeil B 3aBHCHMOCTH OT
BEJIMUHHBL TP IBAPUTCILHON AeDOPMAIHE PACTS/AKCHHUS, 1IPH 3ITOM [PHHSITLI
Ce1YIOLLHC OBGRHAUCHHS:

O_y ¢y — OPCI&T BBLHIOCJAHBOCTH CTail, HPeIBAPHTEALHO PACTIHYTOH Ha
BEJHUHHY OTHOCHTENBHOTO Y/IHHCHHS &
0_1 (¢:=0) — TPEILT BRIHOCJIHBOCTH HeaedOPMHPOBAHHOIL CTallH,
K — Ro>(OduuHeHT, XxapaxkTepu3yIoUuIHil OTHOCHTRJABIOE H3MEHCHHC

npejesa BbIHOCJAHBOCTH CTaJqi B Ae(POPMHPOBAHHOM COCTOsiHHH
N0 CPABHEHHIO ¢ HCAC(POPMUPOBAHHBIM
K==
01 =)
Ta6bauuna 4
XapaKTepHCTHKHM BbIHOCSHEOCTH cTanei

\CW,, 0,050, C | 0, 05C | 0240%C | 02794C | 0479%C | 1,1004C
. I N N 4 A A 191 L
LRI o A g Ml e M S R e B PR
. ’ [AREA | ol i S / : L8 0 0
0 187 100 230 imo 23,0 (100, 280 'wo| 280 | 100/ 270 100
ﬂ;;,fypq"gf;’l;"l i R UL im’ — | =1 300 lin
2 e e e I B B -1 30,0 111
5 — e e = = = = =] 320 118
8,7 U |- ;_ R U } —1 852 | 126 — |—
10 22 12 260 13300 W0 320 4~ |- = |-
20 227 (122, — ‘ 340 148 360 ‘129 38,0% [135%  — |-
30 2,7 127 — I—’ e

* lanHble mogyyeHol TpH ¢ = 20,5%.
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B Hucturyre crpoutensioii nvexauinku AH YCCP navu 6blan iceseio-
Batibl crantt vMapok 45 w 40X, Gopasusr (puc. 1,6 1 2,6) Obuan neABepr-
HYTbl CTATHUCCKONY JAC(OPMHPOBAINIO TO  PaHEe [3J0KSUHOH  MOTOAHKE.
3aroTopki 310X GGPA3UoB Gulilll HOPMaJH30BAHBI.

NiUMHUCCKIE €OCTAB 1T MEX&INIMCCKHe CROfICTBA HCCJCI0BaNHLIX cTajel
npHBCACHLI B Tada. > 1 6.

Tabawwa 5
AumHueciunil cocras (v%)

Mapka , . . com ~ |
cTan Yraepoa | Maprancu, ‘ Kpemnnii | Xpom Huxeas Cepa ‘ Pocgop
45 ’ 0,46 0.80 0,26 0,03 0,07 ’ 0,035 | 0,008
40X | 036 081 | 032 098 | caewn | 0021 | 0013
i !

Tabaunna 6
MexaulivecKkue cuoficTsa

. thnoe | OTHOCHTCALE
Mapra | [lpetca tekyvectn | [Iperea npounocty Olsgf:,‘;gi;go 1 O”Z?i:(cl:{ﬁzhoe
; 5/ 2 g2 RESVL i J
cranu (rce]mm?) (/2 mM?) () ‘l (%)
N S . -
45 38,9 65,9 22,5 l 57,0
40X 50,4 84,1 18,0 | 66,6

O6pasust 13 cTann 45 noABEpPraiuch MexaHHUCCKOR o6paloTke 1pu
CJICIYIOLLHX PerKHMAX:

a) CKOPOCTb PE3dHUst P TOKAPHOA 00padoTKe v = 25 y/yun, nogaua
§ == 0,17 aay00, rayGuna pesanus (== 0,35 i

0) wandosanie  NPOU3BOAHIOCD abpasilBHbIM KPyroa MApPKH
IKCM,-60 ananerpos D=:270 i, uie1o 060poTos Kpyra iy - 2500 06/ MuH,
YHCA0 060POTOR H3feust iy ~= 100 06 vnn, rayGuna pesaunst npn weindo-
Bamnt £+ 0,03 = 0,05 aun, oxagamjienne — BOAUBIA PACTBOP COIbI.

O6pasub u3 ctanu 40X noABepraJnch TOKapHOI 06paboTKe npH cie-
AYIOHIIX PCARMAN: CKOPOCTD pe3atiis v = IR m/mux, nogava s == 0,03 wum/o0,
ryGHna pedanust == 0,1 s,

O6pasubt 13 crann 45 1 40X DpeABAPHTEIBLHO PACTATHBATICH A0 pas-
JAHUHBIX 3HAUCHIUTT OTHOCHTEIBHOTO  VAJIMHCHHST, BEITHUHHA KOTOPOTO Onpec-
ABLTACH  Ha  OCHOBAHUI TADHPOBOUHBIX TPABUKOB 19 VADYIUX  2ICMEHTOB
¢ TCH3OHPOBOJOYILINI JTATUMKAMI 1 KOHTPOJHPOBAIACL NYTEN H3MepeHH:
A HHCTPYMCHTAABHOM MHKDOCKON® DACCTOSIHHI MOV OTHEUATKANMH, HaHe-
CCHUBINK Ha 0Opasell, a Takze MyTeM H3Mepentst IHaMCTpoB 1e(opAupo-
BAUEBIX  0OPA3IOB  IPH MOMOULH  PHUAKIO-YVBCTEHTC15HCT0  MHKPOMCTPa
(TounocTb oTtcuera -t~ | mx).

[Tocsie mexannueckoit 06paGOTKH TOJOBOK OGPa3libi LCMBITHIBAJIHCH 1A
YCTAM0CTh NPH WiICTOM H3ruOe ¢ BpamienneM Ha aaine HY (ctann 45)
¥ na vauune Mypa (craap 40X).

Peayaptatsl ncnvitanuit npencrabicksl B ta6a. 7 u ma pue. 19-—20
(cramb 45), B Tada. 8 u na puc. 21 (crase 40X).

OThocuTenblioe YVIKHCHHE ONPEAeASIoch 10 (GopMyle ¢ = — rne
¥ — OTHOCHT@NLHOE CYKEHHC, OMpPEeIeisieMoe Ha OCHOBAHHH M3MEpeHHs
JMHAMETPOB 0OPA3LUOB B MCXOAHOM H B Ae(DOPMHPOBAHHOM COCTOSHHH,

It
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B pesysbTaTe NPOBEACHHbIX MCNBITAHHH Ha YCTaJOCTb BbISIBJEHO, 4TO
IJIS HOPMAJIH30BAHHOI NpEABAPHTENLHO PACTSHYTOH CTaju 45 B HHTepBaje
AeopManuii oT Hyas Ao &= 1,5 2% mNpPOHCXOAUT CHUKeHHE TIpejesa
BhiHOCJIHMBOCTH. [IpH 3TOH ee/n4IIHe IJIACTHYECKOH AeOpMalHMu JIOCTHIAeTCs
MHHHEMYM YCTaJOCTHOH MPOYHOCTH, 3aTe€M IIpeJesl BHIHOCJIHMBOCTH BO3pacTaer
H npu &= 12% pocruraer ypOBHS, COOTBETCTBYIOLUETO YCTAJOCTHOH MNpOY-
HOCTH CTajJu B HeAe(hOpMUPOBAHHOM COCTOSIHHMH.

COOTBETCTBEHHO JiJist HOpMaJiu3oBaHHO#H crand 40X MHHAMYM yCTajoCT-
HOll MPOYHOCTH HOCTHraeTcsi NpH & == 8—12%, ¢ AajbHEAIMM BO3pACTaHHEM
ReJIMUHHBl NIPeABapUTENbHON JedopMallid Npeesi BHIHOCJHBOCTH TaKxkKe Ha-
YNHaeT yBeJMUYMBATbCsl ¥ NpH ¢ > 40% pocturaer 3HayeHHst npejeja BbIHO-
CIHBOCTH CTajH B Hele(OPMHPOBAHHOM COCTOSIHHH.

Ta6bauua 7
Pesyabrarhl HCNBITaHHHA cTanu 456 HA yCTanocTs

OTHOCHTEABLHOE OTHOCHTeNbHOE [pezex BHHOCIHBOCTH

T | e [«
0 0 33,7 1€0,0
0,5 06 31,0 92,0
10 1,0 30,3 €0,0

14 1,4 30,0 89,0

26 2,6 30,1 89,3
40 4,0 30,6 90,8
45 4,5 30,9 91,7
6,0 6,0 31,4 93,2

77 8,3 32,3 95,8
10,7 12,0 33,7 100,0

Ta6bauna 8
Peayantarsl ucnbiTanuil crann 40X Ha yctajnoctb

Ornocutenbnoe | OTHOCHTENbHOE lpenes BLIHOCAUBOCTH

CyKeHHe yANUHEHHE oy,

(y %) (e %) (/cz,.»lb(u‘g) (K %)

0 0 36,5 100

74 7.4 29,0 79,5

10,9 12,0 28,9 79,3

20,4 25,6 32,0 87,8

29,9 409 36,5 1600

Takum o6pa3oM, B OTJIHYHE OT NPHBOJAMMBIX B JUTEpaType JaHHbIX, yKa-
3BIBAIONIMX JHIIb HAa BO3DACTAHHE YCTAJOCTHOH MPOUHOCTH C YBEJNHUYCHHEM
racTHYeCKo#l JedopMalidi pACTSKEHHS, B HALIMX OMNbITAX BbISIBJIEHO CHH-
XeHHe Tpejiea BBIHOCIHBOCTH HCCIeOBAHHBIX CTajed NPH YKA3aHHbIX BeJlu-
ypHax MJIACTHYECKOH JeopMalHH.

CaenyeT OTMETHTb, YTO JIHTEPATypHble AaHHblE, KacalolHecs BJIHAHHS
TipeABapHTE/IbHON [J1aCTHYECKOH JedopMallii Ha YCTaJOCTHYIO NPOYHOCTD,
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BOOGLlE HEMHOTOYHCJIEHHBl, 2 B OTHOLIEHHH JKe OGJACTH MaJblX MJIacTHUe-
CKHX JleOopManuil SBJSIOTCS COBEPLIEHHO HeNOCTaTOUHBIMH.

B uactHoCTH, HEOGXOZMMO NORYEPKHYTb ATIOBHOCTb IIPOBELEHHSI HA
rpadukax (cm. puc. 18) JHHHH, COENMHSIOMHX TOUKH, COOTBETCTBYIOILHE £ ==
M &=10%, npu OTCYTCTBHH MPOMEXYTOUHBIX 3HAUEHHI. [Ipu Hanuuum xe
(B eIMHHYHBIX CTyyasX) AQHHBIX, COOTBETCTBYIOUIMX MAJbIM 3HAUCHHSM Jie-
¢opmauunn, nanpumep aas cram ¢ 1,10% C (puc. 18) opu ¢ =¢, (y mpe-
AeJa TeKy4yecTH) u £ = 2%, BHISBJISETCA B 3TOM HHTEpBaJe OTCYTCTBHE POCTa
npefiesa BHIHOCAHBOCTH.
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ngc. 19.

Crenyer Takke OTMETHTb, YTO B ONHCHIBAEMBIX B JUTepaType OMNBITAX
34rOTOBKH OGDA3LOB MOC/e DACTSUKEHHs TMOABEPrajuch B paGouedl yacT
JONOJHATEJbHOH MeXaHHYecKO# 06paboTKe, YTO B CBA3H C IIOBEPXHOCTHBIM
HGKJIETIOM OKa3blBaJsIO BJIMSIHAE HA MOBBIILEHHE Npeaesa BLIHOCJHBOCTH CTAJIH.

O6Hapy>XeHHOe B HAUIMX ONbITAX SIBJEHHE CHHMKEeHHS YCTaJIOCTHOR TIpoY-
HOCTH NpH MaJlbiX BeJIMYHHAX TIPEJBAPHTENbHON AedopMalHu pacTsKeHHs
XapaKTepH3YeT, TNOBHAUMOMY, TMpOsiBjeHHe epOPMALHOHHOH aHH30TPONMUHU
¥ TpeGyeT [aJIbHEHIIETO H3YYeHHs C YYETOM CTPYKTYPHOTO COCTOSIHHS
MeTasja M NMPOUCXOASAIUMX B HeM H3MEHEHHil BCJIeJCTBUE IJIaCTHYECKOrO
JedopMHIpOBaHuS.

CrenyeT OTMeTHTb, YTO HCC/IEAOBAHHS (DH3HYECKHX CBOKCTB MOHOKpH-
CTAJJIOB aJIIOMHHHS, MEIH H JPYIHX METaJJIOB BBHISIBHJIM HEKOTOpble 0COGeH-
HOCTH XapakTepa HakJena mpu Manaelx pedopmanusx [12], [13].

Ilpn u3yuyennn ne)OpMHPOBAHHBIX KPHCTAJIOB aJIOMHHHS B 3JEKTPOH-
HoM MHKpockone [13] 6bl10 oT™MeueHo, 4TO npH AedopManuH MOHOKPHCTAJ/LIA

8—53. 113
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ANIOMHHHMS Ha 4% BO Bcex HaGJI0ZaeMBbIX CIY4YasiX ,,JJHHHH® CKOJbXEHHS
[pSAMOJUHEAHbl, MeCTaMH BHIHbl 3aMETHble MCKaXKeHHs 6J0KOB B BHJE
HCKPHBJIeHHUil ux pe6ep u rpaneit. Ilpu Goabmux nedpopmanusx (5—6, 10—12
u 20%), Kak W OPH MaJblX, CJeAbl CKOJbXKEHHs, a TaKkKe HCKpUBJIEHHE
peGep U rpaHeili HaGJIOJAIOTCS TOJBKO MECTaMH.
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TakuM 06pasoM, 3JIeKTPOHHOMHKPOCKONHYECKOe HCC/Ie0BaHHe MOHOKPH-
CTaJIJIOB O3BOJIMJIO OGHAPYXKHUTb XapaKTePHble sIBJEHHs [PH MaJIblX IJIACTH-
yeckux gedopmauusax. I[Ipeacrap/iseT HECOMHEHHBIH HHTepeC INpOBeJeHHE
NOJ0GHBIX HCCAENOBAHUN, B COYETAHUM C JPYTHMH METOAAMH CTPYKTYpPHOTO
anaju3a, Ha AeOPMHPOBAHHbBIX INOJHKPHCTAJIHUECKHX METaJl1ax.

3akJioueHHe

1. B craThe paccMaTpHBAETCsl BONPOC O BJIHSHMM NpeIBapUTEJbHON [11a-
CTHUeCKOH NedOpMalMH PaCTIXeHUs HA BbIHOCJIMBOCTH CTaJIH.

AToT BoONpOC ABJISIETCS YACTbIO OoJiee IIHPOKOH 3ajauH HCC/leNOBaHHS
RJHSIHHS DABHOMEDHOH H HEepaBHOMEPHOH TacTHuecKoi JedopMmannn Ha
YCTaJIOCTHYIO NIPOYHOCTb CTa/d H SIBJISIETCSl BeCbMa AKTYyaJlbHBIM Ul MalllH-
HOCTPOEHHs, TAaK KaK TakHe NepOpMalHH CO3AAIOTCA B NOBEPXHOCTHBIX CJIOSX
aeTajsell MallUH [P COBPEMEHHBIX METOJaX MOBEPXHOCTHOTO HX YNPOUHEHHS.
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2. HemHorouuciienuble JIHTepaTypHBle AaHHble He JAIOT JOCTATOUHO
OGOCHOBAHHbBIX MaTepPUAJIOB M CY:KAEHHS O 3aBHCHMOCTH npejena ycra-
JIOCTH CTa/IH OT BEJHUYHHBI NPEABAPUTENLHOH 1eOPMAUUH PaCTSKEHHS.

OZAHOM H3 NPUYHH 3TOrO SABNSETCA HECOBEPLIEHCTBO OOBIYHO [pUMeHseMOH
METOAHKH ONpEACIEHNsT BEJHYMHB NPEABAPUTENbHOM ILIAaCTHUECKOH Aedop-
MaluH.

PaspaGoTannas u H3JI0XKeHHAas B HACTOSIIEH CTaThe METOAHKA H3Mepe-
HHsl MJ1aCTHYeckux JedopMauuii B mpoiecce eOPMHPOBAHHS OCHOBAHA Ha
TOM, HTO NEpeMEILeHNns] TOYeK MIACTHYeCKH AeOpMHPYeMOro Tesa mpeobpa-
3yloTCsi B yNpyrue MepemMelleHHs CTa/JbHOH IJAaCTHHKH M PErHCTPHPYIOTCS
C NOMOLUBIO HAKJIEEHHOTO HA Hell TEeH3ONPOBOJIOYHOrO JaTYHKa M anmapa-
TYPbl, NIPUMEHSIEMOH NPH TEH30H3MEpPEHHSX.

Pa3paboTaHo HeCKOJIbKO KOHCTDYKTHBHBIX BAapHAHTOB CXEM H3MepeHHs,
TO3BOJIAIOLIHX NPOH3BOAHTDL H3MepeHHe AedopManuil B npeaenax or 0,1—409
0e3 NepecTaHOBKH TEH30MeTpa.

3. IIpoBeleHHble HCOBITAHHS HAa BBIHOCJHBOCTD (43ru6 npu BpalleHHH)
00pasuoB HOpMaJIH30BaHHOH cTanu 45 u 40X, NpeBapUTe/IbHO Ae(OopMHu-
POBAHHBIX DACTSKEHHEM, B OTJIHYHE OT NPHBOAMMBIX B JIATEpAType AaHHBIX,
YKa3bIBAIOUUX JIMIIb Ha POCT YCTAJIOCTHOH NPOYHOCTH C YBeJUYEHHEM IL1a-
CTHYECKOH 1e(DOPMALHK PACTSKEHUS, BbISIBUIH CHHXKEHHE NPEfesa yCTalocTH
VICCNIEI0BAHHBIX CTaJIed NPH MaNbiX BEJHYHHAX [PEABAPHTENbHOH MJacTHYE-
CKOH nedopmauuu (ais craiau 45 npu e= 1,5+ 2% na 11% u s crau
40X npu e=8 <+ 12% wna 21%).

CjlefyeT OTMETHTb, UTO B ONBITAX, ONHCHIBAEMBIX B JuTepaType, 3aro-
TOBKH 00Da3lOB I0CAC DACTSKEHHS NOABEPrajHch B paGouell 4acTu OMOJ-
HHTEJIbHOH MeXaHWyecKoi o6paboTKe; TaKuM 06pasdoM, B 3THX OMBITAX KpoMe
BINSHUS NeOPMALHK PACTSIKEHHsI HMEJO MECTO TakKkKe BJIHSHHE MOBEpX-
IOCTHOTO HaKJIeNa OT MeXaHHYeCKOH 06paGOTKH.

Hekoropble mMartepuanbl ansi oGbsicHeHust 0OHapyKeHHOTO SIBJIEHHs CHH-
KEHHS  TIpeJiesia BHIHOCJHBOCTH INPH MaJblX IUIACTHYECKHX JAeopMalusix
PACTSKEHHsI NAI0T NPUBEJCHHblE B JIMTEPAType pe3yJbTAThl 3/1eKTPOHHO-
MIIKDOCKOITHIECKHX HCC/IeL0BAaHHH 1e(QOPMUPOBAHHBIX MOHOKPHCTAJIOB Psjia
METaJJIOB, BBIABHBLIMX XapPAKTEPHbIE SABJEHHS MPH MaJblX [IACTHYECKHX
JehopMaLHIx.
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HHCTUTYT CTPOUTEJ/IbHOM MEXAHUKH AKAJJEMHH HAYK YCCP
1953 CBOPHHUK TPYIOB Ne 18

CMA3OYHBIE MACJIA KAK CPEJA, MOHH)XAIOUIASA
BbIHOCJ/IHBOCTb CTAJIHU

I'. B. Kapnerro

LIHK/IHYeCKH HArpyKEHHBIM CTAMLHBIM [EeTadAM MallHH OGBLIYHO [PHXOAXTCS paGoTaTh
B OKDYXEHHH KaKuX-JAHOO Cpeld, MOTYUIHX OKas3biBaTb BJHSHHE Ha HX UHMKJAHYECKYIO NpOY-
HOCTb. B naHHO#l craTbe, paccMaTpHBasi CPelbl, B KOTOpbIX npoTekaeT paGoTa LHK/JAHYECKH
HArpy»eHHbIX CTAa/IbHBIX JleTajedl, Mbl Pa3feJWJIH MX HA TPH TPYMNNbl N0 BHAY BO3MOMKHOIO
HX BO3/I€HCTBHSI Ha BBLIHOCJHBOCTb CTAJIH.

HNpensiaymume Hawumu pa6oramu (1] 6BLIO TMOKA3aHO, uTO OBEPXHOCTHO-aK THBHLIE
Cpelbl, OKpyXalolllie UHKIMYECKH HarpyXeHHble CTaJibHble MAeTalH, CHHXKAKT, H3-3a
a7COPOUMOKHOrO OGJIerueHHs paspyuleHus] H Ae(OPMaUBH TBePABIX Tea [2], BHIHOCIAMBOCTD
cTand. 3TO siBJieHHe Ha3BaHO HAMH aJCOPOLUHOHHOH YCTaqoCThio. CTaTbi B OCHOBHOM MNOCBS-
LICHA DACCMOTPEHHIO CMAa3OYHBIX Macesl Kak IMOBePXHOCTHO-aKTHBHOH CPefbl H BO3MOXHOIO
€€ BJIMSAHHA B CHJIY 3TOTO Ha BBIHOC/JHMBOCTb CTaJlH.

1. Knaccudukauus cpen

Cpena, okpyKalolllasi UHKIHYECKH HArpY7KeHHBI METa, MOKET BJHAThL
Ha ero BBIHOCIHBOCTb. JTO BJIMSIHHE MOXeT GObITb KOPPO3HOHHBIM, aacop6-
UHOHHBIM JIHOO OXJaXKAAIOLIMM, KOTZa Cpefa He SIBJSETCS TelJIOHOCHTeaeM *.
B nexkoTOpmIX cayyasix cpela NpPaKTHYECKH He BJHSeT Ha BBIHOCJHBOCTD
MeTaJa.

Kopposuonnoe u A1copGLUHOHHOE BJIMSIHHE CPE/bl MPUBOJMT K CHUKEHHIO
BBIHOCJIMBOCTH MeTaJjl1a, OXJaXKIaIollee BJHSHHE IOBLIIAET BLIHOCJHBOCTD
[3—4]. Ha npakrThiKe OTA€JbHO M B YHMCTOM BHAE 3TH SIBJEHHSI OGBIYHO He
HaGJ/II0J1al0TCsl; yalle BCEro cpela OKa3blBA€T HA METaJ OJHOBPEMEHHO
HECKOJIbKO BJIMSIHMH, ONHAKO OJHO KaKoe-lTHGO sIBJSIETCS NpeoB/afalolum
JJIsT JaHHOH Cpelbl H €e COCTOAHHS **,

ITo Buay npeoGnanaioiero Bo3AeHCTBUS CPefbl HA LHKJIHYECKH HArpy-
MEHHbIH MeTaJlI, Cpeibl MOXKHO Da3feuTb HA TPH TPYMIbL:

I HeakTuBuble (cyxofi YMcTBIi BOSAYX, UHCThie YIJIEBOAOPOLI
HT. 1),

II. XumMuuecKku-akTHBHB € (BOA2 H BOJHBIE PACTBODHI Pa3auy-
HBIX 3JIEKTPOJIHTOB).

III. [ToBepXHOCTHO-aKTHBHB e¥** (pacTBOpH MOBEPXHOCTHO-
aKTHBHbBIX BEILECTB B YIVIEBONOPOAAX, SBJSIOUIMXCS AHIJEKTPUKAMH, H B He-
KOTOpLIX CAyyasiX B BOje). .

Bes nayka 06 ycramocTH MeTasioB Gasupyercss Ha SKCIEPUMEHTAaNbHbIX
HCCJIEIOBAHUSX DAa3JIHUHBIX METaJJIOB NPH KX UHKJIHYECKOH paboTe B BO3-

¥ B cratbe paccMaTpUBAIOTCSl CPEIbl, He SBJSOIIHECS TelJIOHOCHTEASMH.

** OxJnaxjamllee BJAUsIHAE Cpeln! OGBIYHO SABASETCS JOMHHHUDVIOIIHUM TOJNBKO B 30He
OTPAHAYEHHOH BBIHOCJHBOCTH Y UHKJHYECKH BS3KHX CTajell, y KOTOPHX HabJioqaeTcs
BEChMa BHICOKHN Harpes NpPH UHKJIHYECKHX HArpysKax.

***% XUMHYeCKH CJ1aG0 aKTHBHbIE MJIH HEeaKTHBHble BOBCe.
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Ayxe J1aGopaTOPHOro momewienus. dTOT BHL Cpelbl NPAKTHYECKH HE OKa3hbl-
BAE€T BJIMSHHS Ha YCTAJIOCTHYIO NPOYHOCTb CTaJH H GyAeT Hac HHTepecoBaTb
TOABKO C TOYKH 3pEHHsl NPOBEAEHHS B Hell KOHTPOJBHBIX OMBITOB G UeJblo
CPaBHEHHs1 BJIHSAHHS [JPYIHX CPEN HA BBIHOCJIHBOCTD.

Hekotopoe BHHMaHue B HayKe 00 YCTaJlOCTH META/IOB YAENEHO BJIHS-
HHIO XMMHYeCKH-akTHBHBIX cpen (II rpynna cpen), BBI3BEIBAIOIIHX KOPPO3HOH-
HbI€ SIBJICHHS HA METaJJIHYECKHX IOBEPXHOCTSX, a NPpH UMKJIHYECKHX Harpy-
KCHUSAX METAJIMYeCKHX AeTaledl B 5THX CpeiaX — sBJIeHHe KOPPO3HOHHOM
YCTAJOCTH. OTH Cpelbl CHJIBHO CHHKAIOT YCTANOCTHYIO IIPOYHOCTL CTaJIH.
HecMotpst Ha 310 Mexanusm Pa3pyIICHUsT OT KOPPO3HOHHOH YCTAJOCTH H3-
YY€H HeJOCTAaTOYHO.

Ora rpynna cpen npeactasaser co6oio B OCHOBHOM BOJIHbI€ PaCTBOPbI
CHJIDHBIX H C/1a0BIX 3JIEKTPOJIHTOB (HEOpraHHYeCKHX KHCJIOT, ILeJloyel, cosel
H psila OpPTaHHYECKUX COEAMHEHHME), a TakKe Bopy. XapakTepHoi ocoGeH-
HOCTBIO 3THX Cpen fABJISETCS TO, YTO MOJIEKYJIbI PacTBOpeHHOro BellleCcTBa
HaXOAATCS B COCTOSIHMM GOJIbIIEH WM MeHbLIEH AHCCOLMALIHY, KOTOpast
00yCJIOBJIHBAET BO3MOXHOCTb TEUeHHS B HUX KOPPO3HOHHBIX 3JIEKTPOXHMH-
YECKHX [POLEeCcCoB *. .

Tpetbs rpynna cpen Bkaouaer B ce6s Pa3/IHuHBIe PACTBOPLI . IOBEPXHO-
CTHO-aKTHBHBIX BEIIECTB B MKUJKHX AHJEKTPHKax (Hanpumep, B yrieBoxo-
Po/Aax), He MOryLUHX NpPHBECTH K AUCCOLHALHE MOJIEKYJI BelIEeCTB, B HHX
pacTBopeHHbIX. OQHAKO HEKOTOPbie BEIeCTBa, PacTBOpEHHLIE B IH3JIEKTPHKe,
BCE JKE MOryT BHI3BAaTh KOPPO3HOHHEIE MPOLECCHI, KOTOpBIE 0 TOCJaeJHEero
BPEMEHH OTHOCHJIH K XHMHYECKHM KOPDO3HOHHBIM NPOLECCAM, aHAIOMHYHLIM
lipoueccaM, NpoTeKalWuM B CyXHX rasax.

TunuuneiMu npencraBuTessiMu 3TOTO BHAa Cpea SBJSIOTCS CMasoyHbie
Macia. BausiHpio NMOBepXHOCTHO-aKTHBHBIX Cpel, TaKuX KaK CMas3oyHoe
Macjlo, Ha YCTAJIOCTHYI) NPOYHOCTb CTQJH HE YAEJSJIOCh HHKAKOLO BHHMA-
HH3l, B TO BpeMsl KaK NOAaBJsAOLlee GOJNBbLUIHHCTBO HKJHYECKH Harpy>KeHHbIX
Aerajeli MalluH paGoTaeT HMEHHO B OKDYXE€HHH 3THX Cpef.

Bce tpu rpynmer cpen okasmiBaior OXJaxJamllee BJIHSHHE HA LMKJIH-
YECKH HarpyXKeHHBI METaJjlJl, Bbi3biBasi NOBBILIEHHE ero BBIHOCJIHBOCTH, 4TO
b OCHOBHOM OODBSICHSIETCS H3MCHEHHEM peXxHMa NPOLECCOB  YNPOYHEHHS
H OTAbIXa. DPDEKT 3TOr0 BJIHSHUS 3aBHCHT OT CHUKEHHS TeMIepaTyphl MOJ,
CIMAHHEM CDelbl M HaGMIOAAeTCs IMIAaBHHIM 06Pa3OM Y LUKAHYECKH BSI3KHX
METa/IOB B 06/IaCTH OrpaHHYEHHOH BBIHOCJIHBOCTH. JKHIKHe cpeanl OGBIYHO
oG1aa10T JYYIIHMH OXJIazKIa0IEMHU KauyecTBaMH, KOTOpbLIe TE€M Bbillle, YeM
HUXKE KMHEeMaTHYeCKas BA3KOCTb CPeJEl.

Kunkast cpena oGBIMHO COCTOHT H3 ABYX HJIH HECKOJBKHX KOMIIOHEHTOB:
PacCTBOPHTEJISI H DacTBOPEHHBIX B HEM BEILECTB. Pactsopurenn nensrcs ua
AB€ TPYyNIbl: Ha NOJSIPHbIE, HATIDHMEP BOAA, U HEMOJIIpHbIE, HAlPUMep YH-
CTblE YIJIEBOAOPOABL. ACOPOLUHOHHOE H KOPPO3HOHHOE BJIHSIHUE KHIKHX cpef
Ha UHKJIHYCCKH HarPYXEHHYI0 METaJIHYECKyIo JeTalb 3aBHCHT KAaK OT
PACTBOPEHHLIX BEIIECTB, TaX M OT KauyecTBA PAaCTBOPHTEVIS.

Cpenbl, oTHOCSIIIMECS K TpeTbeli rpynne (CMasoukble Macsia) Mo caMomy
CBOEMY CYLIEeCTBY HE JOJIXKHbl BEISHIBATb KaKOTO-JHG0 3aMeTHOLO KOPPO3HOH-
OTO NEHCTBHS HAa MeTaJlibi; CPems! BTOPOI TPYNNb! ABJSIOTCS THIIMYHBIMH
APEACTABATENIAMH  KOPPO3HOHHO-arPECCUBHEIX CPEMl, NPHYEM OXJaMAalolIHe
HX KauecTBa OGBIYHO Bbillle, YEM Y CpPex TpeTbeil rpynubl. B 1o Ke BpeMms
CPe/lbl BTOPOH W TpeTbeH TPy ABJASIOTCS aJIcCOPOUMOHHO-aKTHBHBIMH, MOTY-
WHMH 1aTb KaK (DH3HYECKYIO, TAK M B HEKOTOPbIX Clydasix XHMHYECKVIO
aAcopOuUKMI0 HA IOBEPXHOCTH MeTasia.

AICOpOUUA U3 KHAKHX Cpex (pacTBOpOB) Ha rpamHue Merasna Gyner
3aBHCETL OT

* Kpome BomnbIX PacTBOPOB, K IHCCOUHAUMH 3JIEKTPOJHTOB HPUBOIAT TaKue pacTBo-
PHTeJIH, KAK COHPTBI, KETOHbBI, adbIerHabl H Apyrue BellecTBa C BBICOKOH IH3JIEKTPHYECKOI!
NOCTOSTHHOH,
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a) XMMHYECKOro XapaKTepa pacTBODEHHOTO BellecTBa — aAcOpOTHBA;

6) ($u3NKO-XHMHYECKUX OCOOEHHOCTEH pacTBOPHUTENS;

B) (PM3MYECKOIr0 COCTOAHHSI NOBEPXHOCTH ajcopOcHTa (B Hallem ciaydae
HOBEPXHOCTH CTaJbHOH AeTalu).

OrHocsiuiuecss KO BTOPOH TpyNe CpPeJ CHJbHbIE 3JEKTPOJIHTHI, JHCCO-
CHHPOBAaHHBIE HA HOHBI, Ha IMOBEPXHOCTH TBepJOH hasbl anacopOHpyrOTCs
B BHJE KATHOHOB HJIM AHHOHOB, NpUYeM aJAcopOLHUs MOCJeJHHX OOLIYHO He
OJIMHAKOBA, M JJs1 KaXXJOro BHJA HOHOB CYILECTBYET CBOSI H30TepMa aiacopo-
uuy I' = f(C). AncopOuusi HOHOB U3 3TOH Cpejbl NPOTEKaeT NOA BO3JeHCTBHEM
IByX pOJOB CHJI:

a) MOJIEKYJISIPHO-TIOBEPXHOCTHBIX CHMJ1 ajcopOeHTa (Kak H IpH BCex
BHIAaX aACOPOLHOHHBIX IIPOLECCOB);

6) 3JEKTPHUECKHX CHJI, IOSIBJSIOIIUXCS TOJBKO B cJyyae aJcopOUuH
HOHOB.

Cnabble 3JeKTPOJUTH, JUCCOUMHUPYIOIIHE B BOAHLIX pacTBOpax B MeHb-
1ieH CrerneHd, afcopOUPYIOTCS LeJbIMH MOJEKYJaMH.

W3 cpex Tperbefi Ipyniibl NOBEPXHOCTHO-aKTHBHBIE BellecTBa aAcopOH-
pYIOTCS [OA  BJIMSIHHEM  MOJIEKYJSIPHO-NIOBEPXHOCTHBIX  CHJl  ajcopOeHTa
neabiMH Mojiekysiamu. OZHAaKO BHE 3aBHCHMOCTH OT TOIO, aACOpOMPYIOTCS JH
HOHBl WJH LEJible MOJIEKYJIbl Ha NOBEPXHOCTH MeTaJja, 3TO SIBJEHHE JOJIKHO
CHHXaTb BBIHOCJHBOCTb CTaJH B CHjy OTKpbiToro eie B 1928 r. IT1. A. Pe-
6ungepom [2] ancopbuuonHoro odJeryenust AeOpMalMH H paspyileHHs
TBepAbX Ted. Heo6xomumMo umMeTb B BHAY, UYTO sIBJEHHE aJAcOpOUHH, Kak
Tpebylolllee MaJIoro JAaTeHTHOTO IepHoAa, NPeIeCTBYeT JIIOObIM IpYruM
IIOBEPXHOCTHBIM $IBJIEHHSIM, HalpPUMep KOPPO3HOHHbLIM.

2. CMasounble Macja M HX KOPPO3HOHHO- H NOBEPXHOCTHO-aKTHBHbIE
CBOMCTBA

B KauecTBe THIHYHOrO H HauboJiee PacMpOCTPAHEHHOIO IpelACTaBUTENA
TpeTheli Ipynmbl cpef OyAyT PACCMOTPEHBI CMa3ouHble Macja. JTa Cpeaa,
BLI3LIBAs B OCHOBHOM aACOPOLUMOHHOE BJHSIHHE Ha BBIHOCJAMBOCTb HaXOAs-
mefics B Hell crajii, B KakOH-TO Mepe MOXKeT OKa3blBaTb KOPPO3HOHHOE
U oxJaakjalollee BosjelicTsue. B cuny aToro B yka3aHHOH ryase OyAyT pac-
CMOTpEHbl KOPPO3HOHHBIE, IOBEPXHOCTHO-aKTHBHbIE M OXJa)KAaoliHe Kaue-
CTBa CMa3OUHBIX Maces, NPHYEM MOBEPXHOCTHO-aKTHBHbIE KauecTBa OyayT
X2paKTepH30BaThCsl CMa30'HOH CMOCOGHOCTbIO MacJa.

CMma3ouHble Macja SBJSIOTCS MEXaHMUeCKOH CMechbio Da3jMYHbIX Heak-
THBHBIX YIJIEBOAOPOJOB, COCTOSIIMX H3 CHMMETPHYHO IOCTPOEHHBIX MOJIEKYJI.
OnHako Macjaa He NPeACTaBJsoT o000 YHCTHIX YIJIEBOJOPOAOB, a 3arps-
3HEHbl OpPraHMYECKMMH KHCJIOTaMH, CMOJaMHM, acdajbTeHaMH U JPYTHMH
MTOBEPXHOCTHO-aKTHBHBIMH BeleCTBAMH.

Macia MHHEpaNbHOrO NPOHUCXOKIEHHST B OCHOBHOM COCTOAT M3 Ha(Te-
HOBBIX YIJIEBOJOPOZOB € PAa3JHUHBIM CONep:xaHHeM GOKOBbIX ueneil. B artH
mMacaa MoxeT BXoAMT, Ao 10—15%  yriieBogopodoB  2pOMaTHYeCKOH
rpynns [5]. KagectBo Macjaa 3aBHCHT OT TeX YIJIEBOAOPOJOB, KOTOpbie BXO-
IST B €ro COCTaB, OJHAKO NIIeHKa Macja OObIYHO NMPOHU3BOAHMTCS HE HA OCHO-
BAaHHM MX XMMHUECKOrO aHaji3a, a Ha OCHOBAHHH ONpeNle/]eHHs MX (PHU3HKO-
XHMHUECKHX KOHCTaHT, uTO OObsiCHsieTcst GOJIbIIMM pPa3HOOOpa3sHeM yIJeBo-
JIOPOJOB, B HHX BXOASILIMX, M TPYMUOCTBIO HMX ONpeJeseHHs *.

Macsia pacTHTeNBHO-JKUBOTHOTO INPOMCXOXKJEHHS COCTOAT M3 IVIMLEpH-
JI0B, NIPEACTABJSAIONMX COJS0I0 COeJUHEHHE TPEXaTOMHOTO CIHPTa — IJHIle-
puna (C3Hs(OH);) ¢ BHCIIMME HaCHILEHHBIMH M HEHACHILIEHHBIMH KHDHBIMH
KHCJIOTaMH, T. €. 3TH Macja sBJISITCA 3(QHpaMH XKHPHBIX KHCJOT.

* EcThb HeCKOJbKO KJaccHUdUKALMi Maces MO XHMHYECKOMY COCTaBY, OJHAKO Ha Mpak-
THKe OGBLIYHO HHTepecyloTcss (HH3UKO-XMMHUECKUMH KOHCTaHTaMH, [O3BOJIAIOMIMMH  JIETKO
KJacCHUUUpPOBAaTL Macja. HeoGXoQUMO OTMETHTb, 4YTO 3TH KOHCTAHTBl HE BKJIOYAIOT
B ce0s TaKyl0 BaXHYI0 XapakTepHCTHKY Mac/a, KaK €ro Mac/AHHCTOCTb.
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B cocraBe Mmaces pacCTHTENbHO-XKUBOTHOTO IIPOHCXOXJEHHSl BCTpevaeTcs
60JIbllIOe KOJHYECTBO TJIHIEPHAOB PAa3jHuYHBIX XXHPHbIX KHCJOT, NpHHAJJIe-
JKalux IJIaBHBIM 00pa3oM K INpelelbHbIM OJHOOCHOBHBIM KHCJIOTAM XKHUD-
toro psga C,Hz,+1COOH. HauGonee yacto BCTpeyaloTcsi [JIMLEPHAB I1aJib-
metrHoBOH (C3Hs(CisH3102)3) . 1 creapunoBoit  (CsHs(CisH3s0:)3) kucaor,
COCTaBJISIIOIIHX OCHOBY TBEPAbIX XKHUPOB. B KHAKHX MacjaXx BecbMa pacnpo-
CTpaHeH TIJHUEPHA OJICHHOBOH KHCJIOTHl (HeNpeae]bHOH OJHOOCHOBHOM
kucaotel psina C,Hz,-1COOH). KacropoBoe macyo, ogno u3 Haubojiee pac-
NPOCTPAHEHHbIX CMAa30YHbIX Maces DAaCTHTEJbHOTO NPOHCXOXKIAEHHsS, COCTOHUT
B ocHOBHOM (10 80% ) H3 IVIHLEPHIOB PHIMHOJEBOH KHCJOTHI [6].

Jlns rakunepuaoB xapakTepHa peakuUMsl OMbUIEHHs, IPH KOTOPOH CJIOXK-
HbI S(QUD-IKLUEPUA [OJ BJIUSIHHEM TeMIepaTypbl INpPHCOeAHHsIET K cele
BOAY M PACHIEIUISIeTC Ha JKHDHble KHCJIOTBI H CIIHPTHI.

B cocraBe cMa30uHbIX MaceJl AONYCKAIOTCH B OrPAHHYEHHBIX KOJH4YE-
CTBAX BeCbMa IOBEPXHOCTHO-AKTHBHbIE, COCTABJIEHHbIE H3 AH(UIbHBIX MOJe-
KyJ OpraHHdYecKHe KHUCJIOTbl B BHJE CBOOOAHBIX KHDHBIX KHCJIOT ¥ B BHJE
nadTeHOBHIX KHCJOT *. [lepBhie coaep:KaTcsi B Macjax PAaCTHTEJNbHO-kKHBOT-
HOT'O IIPOMCXOX/IeHHsI, BTOPble — B MHHEPAJIbHbIX Macjax.

OpraHuuecKue KHCJOTHI, HaXOAdIlHecs B Macjax, HecMoTps Ha caabo
BbIpa’KeHHble KHCJIOTHbIE CBOMCTBA, MOTYT BHI3BAaTh IIPH HX BO3/JEHCTBUH Ha
MeTajuibl 06pa3oBaHNe METaJIOOPraHHYeCKHX COENMHEHHH B BHAE MeTallHu-
yeckux Mbul. Koppomupymoomiee JeficTBHe OpPraHMYeCKHX KHCJIOT, Haxoms-
IHuxcsa B Macje, OyAeT 3aBHCeTb OT HX KOHUeHTpamuu. boJiee akTuBHBIMU
B OTHOUICHHH OKHCJIEHHMS] METAaJlJla SIBJSIOTCH He(pTeHOBble KHCJOTBI, NpUYEM
HauGoJiee MOJABEPKEHB HX OKHCJSIOLIEMY BO3JeHCTBHIO LMHK M CBHHEL, B TO
BpeMsi KaK CTajlb OTHOCHTEeNIbHO €Jla60 pearupyeT Ha HX JeHCTBHE.

B MuHepaJibHBIX CMa30YHBbIX MacJax AONMyCKaercss HeGOoJbllasi OpraHu-
yeckasi KHcJIoTHOCTb, paBHas 0,2 me KOH, KoTopas npakTuyecKH He OKa-
3bIBA€T KOPPOAUPYIOILETO AEHCTBMA HAa MeTaJJibl IIPH TeMmIeparypax [-o
100—120° C [7]**.

B maciax pacTHTeJbHO-)XMBOTHOTO IPOHCXOXKJEHHsS OOMycKaercs Gosee
BLICOKHI IIPOIEHT JKUPHBIX KucIoT. Hamnpumep, KHCJIOTHOCTb KacTOPOBOTO
macna jpomnyckaercs go 2 se KOH [5]. ITo Macjao Bce ke He NpUMEHAETCH
JJ1S1 KOHCepBalMK jAeTasell, Tak KakK NMPH JJHTEJbHOM CONMPHUKOCHOBEHHH C Me-
TaJJaMH MOKeT BbI3BaThb WX Kopposuio. OpHako nocjiefHsiss B OCHOBHOM
BO3HHKAeT He OT HMEOLIEHCs] KHCJOTHOCTH Macjia, a OT ee IOBbIIIEHHs TPH
JJIITEebHOM CONMPHKOCHOBEHHH C BO3JYXOM B TOHKOH IUIEHKe, MOKPBIBAIOLIEH
JleTab.

Ilenoun ¥ MuHepaJbHblE KHCJIOTH B CMa30YHBIX MacjaX COBEpLICHHO
He JOMYCKAKTCS, TaK KAK MOI'YT BHI3BATb CHJIbHYIO KOPPO3HIO CMa3bIBaeMbIX
MeTaJUTHYeCKUX NOBEPXHOCTeH.

W3 npuBeIeHHOH BhIllle KPAaTKOH XapaKTEPHCTHKH CMas3OYHBIX Macel
CielyeT, UYTO OHH [OJIKHBI ObITb NPAKTHYECKH HEHTPAJbHBIMH B OTHOLICHHH
MX KOPPO3HOHHOTO BO3JEHCTBHSl Ha METaJLIbI.

KoHcHCTeHTHBIE CMAa3KH TaKiKe He JOJIKHbBI BJIMATh XHMHYECKH Ha CMa-
3bIBA€Mble€ TIOBEPXHOCTH METAJJIOB. DOJIBIIMHCTBO KOHCHCTEHTHBIX CMa30K
MACOTOBJISIETCS] M3 MHHEpaJbHBIX MaceJs NyTeM HMX 3arylleHHs IJ1aBHbIM o6pa-
30M KaJbLHEBBIMH JHU6O HATPHEBHIMH MbUIAMH. DTH MbLIAa H3TOTOBJSIOTCH
Y3 pPAa3jIHUHBIX DPACTHTEJbHBLIX H JKHBOTHBIX MaceJ] H IJKHPOB, TAaKHX KakK
KacTOPOBOE, CypenHoe, XJIOMKOBOE Macja, CBHHOe cajio M T. 1. Haroro
BJSIIOTCS MbljIa TakXKe U3 CBOOONHBIX MKHDHBIX KHCJIOT.

3arycTHTeNH — Mblia, BXOJASIIHE B COCTAB KOHCHUCTEHTHBIX CMa30K, He
ZAI0T TIPOCTHIX MEXaHHYECKHX cMecefl ¢ MHHEpaJbHBIMH MacjaMH, a JOJIKHBI

* O6a 3TM BHUAA KHCJOT OTHOCATCA K COEIUHEHUsIM, COJePXallMM KapGOKCH/bHYIO
rpynny (7]
** HadTeHoBble KHCJIOTEL OCOOEHHO HEXeJaTelbHbl TPH  BO3MOXHOCTH  MONAIaHAf
B Maclo BOMH.
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00pasoBbIBATE CJIOXKHbIE KOJJIOHAHbIE CHCTeMbl C ONpeNeJeHHOH CTPYKTYpOH,
BJIMAIOIIEH Ha CBOHCTBAa cMaskd. Kak M BCe KOJJIOMAHBIE CHCTeMbl, KOHCH-
CTEHTHbIE CMa2KH COCTOAT M3 ABYX (pa3: mnepBoi, NUCIEpCHOHHOL (a3oi
SIBJISIIOTCA MHHEpaJbHble Macja, BTOPOH, AuClnepcHoH ¢a3od — MeTalio-
OpraHuyeckHe COeJHHEHHs MKHDHBIX KHCJOT (MbLIa), COCTaBJSAIOUIHE A0
8—10% no Becy, a Takxe B HeGOJBLIOM KOJHYECTBE TBEpAblE YIJIEBOLO-
POAbl, BOCKH 4 T. II

KoHcHcTeHTHbIE CMa3KH, NMOJyYeHHble KaK Ha KaJbliHeBOiH OCHOBE (Hasbl-
BaeMble COJIMJ0JIaMH), TaK H Ha HAaTPHEBOH OCHOBEe (Ha3blBaeMble KOHCTa-
JIHHAMH), He JOJKHBI COJeP2kKaTh CBOGOAHBIX OPTAaHHYECKHX KHCJIOT H BbI3bi-
BaTb KOPPO3HIO CMa3biBaeMblX MoBepxHocTed. CBOGOAHbIE XKHPHblE KHCJAOTHI
H LIEJIOYH, BbI3biBasi KOPPO3HI0 META/JIMYECKHX IOBEPXHOCTEH, KpoMe TOro
JAEHCTBYIOT HAa KOJJIOHZHYIO CTPYKTYPY KOHCHMCTEHTHOH CMa3KH; ILUeJI0YH
EbI3LIBAIOT CJIMIIaHHE JHCIEPCHBIX YACTHL, — HX arperHpoBaHMe, a KHCJIOTHI,
1ao60pOT, CNOCOOCTBYIOT NENTH3ALMH CMasKH — I[ePexXOAy ee H3 TBepjoil
B XKuakywo ¢asy. ITosroMy cBoGOjHbBIE KHCJIOTH B KOHCHCTEHTHBIX CMasKax
a0CoJIIOTHO HEJONYCTHMBI, a ILEJOYH HMHOTAA AONYCKAIOTCS B HE3HAUHTeJb-
HbIX KOJIMUECTBAX JJIA HeHTPajH3allii BO3MOXHBIX MPOAYKTOB OKHCJIEHHS.

BosMoxHOl NpUUYHHOH, BLI3HIBAIOILEH KOPPO3HOHHOE EHCTBHE CMAasKH,
MOXKeT ObiTb HaJMuHe B Heil BOJBI, TaK KaK BOAa SIBJSIETCS XOPOLIMM KaTa-
JIU3aTOPOM OKHCJIEHHS] CMasblBA€MOH IIOBEDXHOCTH MeTaslla KHCJIOPOAOM
BO3JyXa.

Oanako nonajaaHue BJaTH B COJIMAOJBI HE ONMACHO, TaK KaK KaJsiblHeBble
MblJIa B CMECH C MHHEPaJbHBIMU MacJaMHd [IPH IONaflaHHH B HHUX BO/bI
06pasyioT 3MyJbCHH BTOPOrO Poja, T. €. Macja o0pasyloT HapykHylo ¢asy,
a BOJA2 BHYTPEHHIOK, INO3TOMY MeTaJ/lJIHdeCKHe IIOBEPXHOCTH, CMasaHHble
COJIHAOJIAMH, COJAEPXKAllUMH BOAY, BCerga OyAyT CONPHKAcaTbCs € MacjoM,
a He C BOJOH.

Lpyroe nosoxenue Gyaer HaGJIOAATbCS NPH CMA3blBAHHH MeTaJ/uye-
CKHX MOBepXHOCTed KoHCTalMHaMH. HaTpueBble Mblia, pacTBOpSsiCb B BOJeE,
OGyayT CHOCOGCTBOBATH NOABEEHHIO BJIATH K METAJJIMYECKHM MOBEPXHOCTSIM.
ITostoMy npHMeHeHHe KOHCTAJHHOB BO BJIaXKHOH Cpefie HJIHM NPH BO3MOXK-
HOCTH IIONaJaHUs U3BHE BOJbl HEIONYCTHMO.

Bce BhieckasaHHOe O KOHCHCTEHTHBIX CMaskKaX I10Kas3blBaeT, YTO OHH,
TaK XK€ KaK H JXKHAKHEe Macja, AOJKHbI fIBAATbCA CPelol HPaKTHUECKH Hei-
TPaJbHOJ B OTHOLUCHHH KOPPO3HH B Hell METa/UIHYECKHX HeTaJell.

IloBepxHocTHAsi aKTHBHOCTb CMAa3QYHOTO Macjla OCOGEHHO BaKHa MIpH
TPAHHYHOM TPEeHHH HJH INPH CMa3Ke TOHKOH IIJIEHKOH; OHa Ha3biBaercs
MacC/JSHHCTOCTbIO, HJIH CMa304HOH CIOCOOHOCTBIO Macja. Mac/siHHCTOCTD
CMa3ouHOrO Macja 3aBHCHT OT €ero CrIocoOHOCTH 006pasoBbIBATH NPOUHbIE
aJcopOHpOBaHHbIe I[IJJEHKH Ha CMa3biBaeMbIX IOBEPXHOCTAX M CBsI3aHHbIE
C HHMH OTHOCHTEJIbHO TOJICTBIE COJIbBaTHbI€ CJIOH CMa3KH, KOTOPBIE Da3beau-
HSIIOT TPYLIHECS MOBEPXHOCTH *.

Axan. I1. A. PeGunpep [8] onpenesisieT MacJAsiHUCTOCTb KaK CIIOCOGHOCTb
MeTajjla CBSA3bIBATH JOCTATOYHO TOJICTYIO M IPOYHYIO IJIEHKY CMa304HOro
Macjla, BbI3BIBAOILYIO MOHUKEHHE TPEHHS ¥ IPeJOXPaHSIONLYI0 OT H3HOCa,
C ONHOH CTOPOHBI, H, C JADYTrOi CTOPOHBI, CONPOTHBJISIOULYIOCS PAa3JHUHBIM
paspymaromum ee Bosfeiicteuam. B. 1. Kysnemor [9] momuepkuBaer, uTo
MacJ/ISIHHCTOCTb CMA30YHOTO Macia S$IBJSIETCH €ro CKPBITBIM CBOHCTBOM, IIpoO-
SIBJISIOUIMMCH TOJIbKO NPH HAJMHYUM TPEHHS MEXIY IBYMsI TBEpJIBIMH MOBEpX-
HOCTAIMH, CMa3aHHbIMH 3THM MacjoM. Heo6xomauMoO OTMETHTb, 4TO OOGILENpH-
HSITOTO OMNpedeseHHs] MacJSHUCTOCTH HeT.

Ancop6uyoHHast CHOCOGHOCTD CMA30YHBIX Maces B OCHOBHOM 3aBHCHT

* [lonsatue Mac/sSHUCTOCTH, OUEBHJHO, BKJIIOYaeT B cels SIBJeHHS Kak (buanqecu(oii‘
TAK M XMMHUECKOMH aucop6unn. JleAiCTBUTENBHO, pd CMa3ke aKTHBHPOBAHHBIMU MacJ/iaMH,
00/1aJAIOIHMK  BHICOKOH MAaCJ/SHHCTOCTBI), YacTo COBEPIIEHHO HEBO3MO2KHO BOCCTAHOBHTH
nepBoHa4agdbHYIO MOBEPXHOCTL METAJNA, He YJa/HB €ro BepXHero cJosd.
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OT HaJIH4YUs B HHX MOJSPHBIX MOJIEKY/l C aKTHBHbIMH rpymnnamu (QH, COOH
H T. I}, K KOTOPbIM OTHOCATCS MOJIEKYJbl MKHPHBIX KMCJIOT, CIHDPTOB, aJbe-
THJ0B, KETOHOB, CMOJ M T. Il. BELIECTB, HAXOUIUHXCS B Macldax B BHAe
3arpasHeHui *,

Oxnako macna, He colepikalide BOBCE MOBEPXHOCTHO-aKTHBHBIX MoJie-
KyJl (HampuMep, OYHIIEHHOE Ba3eJHHOBOE Maci0) H COCTOSIUHE, CTaMO0 ObITb,
H3 OJHHX UHCTHIX yrjeBoaopoaoB psaaos C,H,, uwiu C,Hy,., Taxxke cro-
COGHBI aACOPOHPOBATHCA HA METAJJIHYECKOH NOBEPXHOCTH. DTa ancopOuus
NPOMCXOAMT MOJ BJMAHHEM MOJISPH3AUMH HEAKTHBHBIX YIVIEBOJAOPOAHBIX
MOJIEKYJl  3JIEKTPHUECKHM [OJIeM MeTa/VIMYecKod IOoBepXHOCTH. OfHaKo
afcopOuust TaKOro BHAA MOJeKyJ] He JaeT NPOYHBIX 4JCOPOHPOBAHHBIX Ille-
HOK Ha TPYIIHXCH MOBEPXHOCTAX, W 3TH Macja He MOTYT CJYXKHTb Hajex-
HbIMH CMa304YHBIMH MaTepHaJlaMH.

W3 ckasaHHOTO cilefilyer, YTo CMasouyHble Macja SBJAIOTCA IOBEPXHO-
CTHO-aKTHBHBIMH CpelaMH, NPHYEM MX aKTHBHOCTb 3aBHCHT OT KOJIMYECTBa
NOJISIPHBIX MOJIEKYJI, COAEP/KALLUXCS B HHX **,

AKTHBHOCTb DA3JIM4HLIX Maces HEOJHHAKOBA, H OHA MOMKET HU3MEeHSTBbCS
Yy OJHOrO M TOrO K€ Macja LpU ero 3Kcmiyataund. Tak, Hanpumep, mpH
paGoTe macia B JBHraTe/le BHYTPEHHErO CTOPAHHA B Macie NPOUCXOAAT IIpO-
LeCChl OKHCJICHHS H IIOJMMEPH3aHH, B Ppe3y/bTaTe KOTOPLIX 06pasyrorcs
CBOGOJIHbIE KHCJIOTEL, CMOJibl, achasbTeHnl H T. . OCOGEHHO MNOABEpPIKEHbI
H3MEHEHHIO Macjla PaCTHTEeJbHO-XXHBOTHOTO IPOHCXOKIEHHS, O YeM T[OBOPH-
Jock Bbllle. Tak, Hanpumep, pacllelyieHHe TJIHLEPUJOB NPHBOAMT K 3HAYH-
TeJIbHOMY YBEJHYEHHIO IIOBEDXHOCTHOH AKTHMBHOCTH STHX MaceJ 3a cueT
NOSIBNICHHSI NOJSPHBIX MOJIEKYJ C THAPOKCHJIBHBIMH H KapOGOKCHJAbHBIMH
rpymnmnamH.

[ToBepxHOCTHAsl aKTHBHOCTb MaceJ SIBJASIETCS MOJOXKHTEJbHBIM €ro Kaye-
CTBOM C TOYKH 3pPEHHSI CMa304YHOH TeXHUKH. HYeM Gosiblle B Macje MOJeKyJ
C aKTHBHbIMH IDYNNaMH, T. €. 4eM O6oJjblIe MacjJ0 AaKTHBHPOBAHO, TEM BhIlIe
€ro MAacAsHUCTOCTb M TeM GOJbllie OHO CHHXKAeT TPeHHe, OCOGEHHO B rpa-
HU4HOH ero haze. Onnako 31ech HEOGXOAUMO OTrOBOPHTBCS, UTO CYLIECTBYET
OnpelesleHHbIl ONTHMYM, Da3JHYHbIH [Js PasHbIX [1O0BEPXHOCTHO-aKTHBHBIX
BEU1eCTB, yBeJHYEHHE CBLIIE KOTOPOTO COJLEPKAHHS 3THX BEIIECTB B Macje
He NPHBOJAHT K YBEJHUYEHHIO €ro MaCJsHHCTOCTH.

3aBHCHMOCTb MAaCJSIHHCTOCTH OT aACOPOGLHOHHOH CNOCOGHOCTH NoBepX-
HOCTHO-aKTHBHBIX BelLIECTB, COAEPXKALIHXCSl B MacJle, [NOATBEPKAAeTCa HCCJe-
noBanusimu akal. Il. A. Pe6ungepa u H. A. Kaaunosckoit [10] cMma3sbiBaio-
Liero JeHCTBHsI MaceJ B TOHKHX IJIeHKax (aacopOUMOHHAs CMa3blBaeMOCTh).
HccnenoBanus nokasanu, 4To 1Jis GOJBIIMHCTBA MeTANIOB*** mpu cMaske
TOHKOH [MJIEHKOH (aacOopGUHOHHOrO IOPS/AKA TOJIUMHBI) KO3(GhHIHEHT Tpe-
HHSl yMEHbIIAeTCS C YBEJMYEHHeM KOHIUEHTPAHH MOBepXHOCTHO-AKTHBHBIX
BEL1eCTB B HEMOJISIPHOH YIVIEBOLOPOAHOH >KHIKOCTH HJIH BOJE, NPHYEM H30-
TepMa CMa3bIBAILIETO [IeHCTBUS BIIOJIHE NapaJsJelbHa H30TepMe ajacopbuuy,
H CMasblBaolasi CnocoOHOCTb BO3pacTaeT MO Mepe Iepexofa OT OLHOTO
TIOBEPXHOCTHO-aKTHBHOTO BellleCTBA K JPYIOMY BELIECTBY TOrO e TOMOJIO-
THYECKOro psifa coryiacHo npasuay Tpayode.

OTo HCCe0BaHHe NPEACTABJSIET GOJbBINYIO IEHHOCTb, TaK Kak OHO
NOKa3alo, YTO INpPH CMa3Ke TOHKOH IJIEHKOH OCHOBHOE 3HAY€HHe HMEIoT
3aKOHbl AJCOPOIHH NOBEDXHOCTHO-aKTHBHBIX BEIECTB M3 pPacTBOPOB, HX
CojepIKalluX.

* Hco6xoauMo HMETb B BHAY, UTO aLCOPOUMS Macesa Ha MeTAJJHYECKHX MOBEPXHOCTHX
3aBHCHT He TOJbLKO OT KauecTBa Macja, HO H OT (DPU3MYECKOrO COCTOSHHS H XHMHYECKOTrO
COCTAaBa MeTaMJHUECKHX TMOBEePXHOCTEN.

** TlyteM UpOMyCKaHmsi Macsa uepe3 MeTa/lVIHYECKHA NOPOIIOK MOXKHO axCOPGHpOBATH
Ha TOPOIUKE TOBEPXHOCTHO-AKTHBHBIE MOJEKYJbl, YeM 3HAUHTEJIbHO YXYAMIA€TCH CMa304yHOe
KauecTBO MacJa.

*** Hck/moucHHe MNpelcTaBiasieT AJIOMHHHUE, BeAyUIHH ce6s  aHOMaJbHO:  yBeJHueHHe
KOHUEHTPAlUMK MOBEPXHOCTHO-aKTHBILIX BELIECTB YBEJHYHBAET KO3D(UUHEHT TpPEHHS.
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AncopOupoBaHblii HAa MeTAJIHYECKHX [IOBEPXHOCTSX C/IOH Macja peiKo
ObIBaeT MOHOMOJIEKYJISIDHBIM; OObIYHO OH COCTOMT W3 HECKOJbKHX p#JI0B
NIOBEPXHOCTHO-AaKTUBHBIX MoOJieKyJ. Kaxk mnokasanu onwmtel A. C. Axma-
ToBa [l1], Ha NOBEPXHOCTH TpeHHA MeTasja Kak Obl aKKyMYJHPYIOTCA IO-
BCPXHOCTHO-2KTHBHbIE  BELIECTBA,  COCTABJAS  AACOPOLHMOHHYIO  IJIEHKY
B HECKOJIBKO JIeCSITKOB MOJIEKYJISADHBEIX PSAOB. DTH [OBEPXHOCTHO-AKTHBHbIE
BelllecTBa, Mo MHeHuio A. C. AxmaToBa, 3alOJHSIOT MHKPOBIIAAMHBI TpY-
IHXCST  NOBEPXHOCTEH, NPHBOAA 3THM K HHBEJVIMPOBKE MHKPONPO(H/ISA
H JleJlasi €ro UjeasibHO IVIaJKUM, B CHJYy Yero CHHXKaercsi TpeHue *.

AjcopbupoBannble TMOJAPHBIE BELIECTBA M3 Macla Ha MOBEPXHOCTSX
TPEHHSl HAXOAATCS B KBA3HTBEPAOM COCTOsiHMH [11]; OoHM co31aloT MJIeHKY

C Ppe3KO aHH30TPOMHOH CTPYKTYpoH H JO-
BOJIbHO  COBEpPIIEHHOH CHalHOCTbIO. ITY
IJIEHKY TPYAHO IPOGHTb NEPNEeHAHKYJISAPHO
— CMafHOCTH MeTajJJHYeCKHUM TrpeGeliKoM MH-
Iz,o.fj KPOHEPOBHOCTEH TPYUIHXCS [IOBEPXHOCTEH, HO
544 OTHOCHTEJIbHO JIETKO CABHHYTb KacaTeJbHO
r’ K [OBEDXHOCTH, IOAOOHO CIABHUTY KOJIOJbI
kapT [12] **. MHTepecHo, 4TO M 3JeKTpHYe-
/'%, CKHE CBOHCTBA aJCOpPOHDOBAHHON IMJIEHKH
N\ Macjla Ha TPYIIMXCS MOBEPXHOCTAX pasJiny-
Hbl B JIBYX B3aHMHO IepPIEHIHKYASIPHBIX Ha-
npasJjenusix. Tak, ancop6upoBaHHas IUIeHKa,
NOJOGHO 3JIEKTPHYECKOMY BEHTHJIO, NpPOIy-
CKaeT TOK NPEUMYIIECTBEHHO B OJHOM Ha-
Puc. 1. Cxema cTpoenus Mode- npassenun [12].
KYJl XKHPHBIX KHCJIOT. paCCMOTpHM Telnepb INOBeNEeHHE Haubo-
JIee XapaKTePHOTO IOBEPXHOCTHO-AKTHBHOI'O
BELIECTBA, PpAaCTBOPEHHOr0 B HEAKTHBHBIX
YTII€BOAOPOAAX IIpH €ro ajacop6Iuu Ha TPYLIMXCS MeTa/UIHYECKHX NOBepX-
HocTsX. K TakuM moBepXHOCTHO-aKTUBHBIM BeIIECTBAM, MOBBLILIAIOUMM MacJs-
HHCTOCTb CMa30YHBIX Macej, OTHOCATCA IIpexKJe BCEero 3IKHUPHbIE KHCJOTHI,
NpecTaBisionie co60l0 YIIeBOAOPOIL, B MOJIEKYJe KOTOPHIX OAMH aToOM
BOJOPO/a 3aMelleH KapOOKCHIbHOH rpynno#. MoJiekyja MKHPHBIX KHCJIOT
HMeeT CHelH(HUeCKYI0 MeaHIPOBHIHYI0O (OpPMY; HAa OAHOM ee KOHLE Haxo-
aurcs kapGokcuabhas rpynna (COOH), a Ha apyrom — MeTHJbHass rpymnna
(CHs), coenuueHHbIE 1LENOYKOA YIJIEBOLOPOAHBIX (METHJIEHOBBIX) TpYMN
(puc. 1). MoJieKkyJbl JKHDHBIX KHCJIOT HMEIOT [OCTOSIHHBIA JMIOJbHBIE MO-
MEHT, HOCHTeJIEeM KOTOPOro fIBSIeTCd KapOOKCUJIbHAsI TPYMNa, NPHYEM BeJIH-
YUHa 3TOr0O MOMEHTa 3aBHCHT OT MOJIOXKEHHSI aToMa BOJOPOJd, YBEJIHYHBAsSICh
npH ero cBo60JHOM BpalileHun [14].

JKupHele KHCIOTBI, comepiKallyecss B CMa3ouHbIX Macjaax, MOTYT 1aBaTh
a[COpOLUHIO Ha MeTaJJIHYeCKHX [IOBEPXHOCTSX KaK (H3WYECKOro, TAK M XHMH-
4yeckoro xapakrepa. MoxHo mnpexamoJaraTh, 4to (Handeckast aacopOuusi npu
HOpMaJibHbIX TeMHepaTypax CMa3OouyHOTO CJosl NpeoGjagaeT Haj XeMmocop6-
IMeH, TaK KakK HM3BECTHO, UTO HPH OTHOCHTEJIbHO HH3KHX TeMIepaTrypax Ha-
6nl01aeTca B OCHOBHOM (H3HMueckast afAcopOuusi, KOTopas C TMOBHIIEHHEM
TEMIIEPATypbl MOCTENEHHO YCTyllaeT MecTo XxemocopOuuu [15].

XeMocop6uusl XapaKTePH3yeTcss H3GHPaTeNbHOCTbIO, NpHYeM GoJbliast
HHTEHCHMBHOCTb €e HabJlogaeTcst B MeCTax C HapylleHHeM CTeXHOMeTpHY-
HOCTH peIleTKH MeTaJjla, HanpuMep, B MeCTax BKJIOYEHHH, a TaKke Ha

* Tpusust [13] ycTaHOBHJI BOSMOXHOCTL OGPa30BAHHA 110 BJAHAHHEM B3aHMOLEHCTBAN
3/1€KTPHUECKOrG TOJIA METa/NIHYeCKOfi NOBEDXHOCTH C IOJSPHBIMH COEJHHEHHSMH aacopGH-
poBannoro cisos, coctosiere u3 400—500 psmoB MoJeky.l.

** Pabota, HeoGXoAuMMasi MJisi OTAENEHHs KapOGOKCHJLHBIX OPHEHTHPOBAHHBIX IJIEHOK,
nocruraer 9000 ka4 Ha rpaMM-MOJIEKYJy He3aMelleHHON MXUPHO# KHCJIOTHl, a AJSt MPeoio-
JIeHUsl CHJI TPHTSXKEHHS B HeNoJIAPHOU IJIOCKOCTH Bcero Juun 1790 xaa Ha rpamm-Mode-
xyay 13
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fHKaXx MHKpPOLIepOXOBaTOCTH H T. MH. [16]. OueBHAHO, MOXKHO B OCHOBHOM
0XKHUAATh XeMOCOPOLHMIO KHPHBIX KHCJIOT Ha METaJUIHYeCKHX TPYLIHXCS IO-
BEDXHOCTSIX B MeCTax IOBbLILIEHHbIX JIOKAJbHbIX AaBJeHUH, Ie Pa3BUBAIOTCH
IpY TPEHHH BLICOKHE TeMIlepaTypbl. B 3Tux MecTax CBsidb KapOOKCHJa MoJe-
KyJibl KHDHOH KHCJIOTbl C MOBEPXHOCTHbIMU 3ZWICMEHTAaMH peLIeTKH MeTaJJa
OUYCJIOBJIMBAETCSl 3JIEKTPOHHBIM OOMEHOM H HOCHT XapakKTep XHMHYEeCcKO#
cBsi3d. [IpofyKThl XeMOCOpOUHH B CBA3H C 3THM MOXKHO paccMaTpHBaTb Kak
CBOEro pojJa IOBEPXHOCTHble XHMHYECKHE COCJHHEHMs, AAIOLLHe MOHOCJOH
METaJJIMYECKUX MbLJ.

Boile Mbi OTMeYasnu, 4To JONYCTHMOE, COIJIACHO CYIECTBYIOILMM HOp-
MaM, CoJepxaHue KHPHBIX KHCJOT B CMAa3O4HbIX Macjax MpaKTHYeCKH He
BbI3bIBA€T KOPPO3HOHHbIX $fIBJIEHUil HA TPYLIUXCs MeETaJJIHYeCKHX [OBEPXHO-
crsax. OfHakKo BCAKOE [MOBLILIEHHE COJCPXKAHUA KHPHBIX KHCJIOT B CMasou-
HOM MacJje, HalpHMep, NOA BJHSIHHEM €rO OKHCJICHHSI, NPUBOAHT K HHTEH-
CH(HKAUUA KOPPO3HOHHBLIX IIPOLECCOB, KOTOPbIE, — €CTb OCHOBAHHSA OXH-
JaTb, — HAYHMHAIOTCA € XeMOCOpPOLHMH H 06pa3oBaHHS MeTaJjJl00praHHYecKHX
COeJJHHEHHH B MOHOCJIO€.

Bonpoc kopposuu MeTanJloB B YIVIEBOAOPOJHBIX pacTBOpax KHUPHDLIX
KHCJIOT OYeHb cjla6o ocBelled B Jurepartype. Haubosee uHTepecHBle Hccie-
JIOBaHHs MO 3TOMY TOBOAY IpoBeAeHHl B mnocaennee Bpems JI. I. I'uu-
aunbiM [17—19]. MM unccnenoBajoch KOPpPO3HOHHOE JeHCTBHE Ha Maruwii,
JKeJjle30 W CBHHeL, psila »KHPHBIX KHCJOT, pa3BefleHHBIX B yrieBojopogax [17].

OmnbIThl MOKAa3aJid, YTO CKOPOCTb KOPPO3HH B 3aBHCHMOCTH OT KOHLIEH-
TPalUMH JKHUPHBIX KHCJOT B VIVIEBOAOPOAAX pasjHuHa AJsl pas3/UYHbIX MeTaJ-
JioB (HampuMep, AJsl CBHHIA 3Ta CKOPOCTb YMEHBbLIAETCS C YyBeJIHYeHHeM
KOHIEHTpPalyd B H300KTaHe, a JMJd KeJje3a, HaoOOpOT, YBEJHYHBAETCH).
Ha ckopocte koppo3uu BiHsieT XxapakTep YIJIEBOAODPOAA, SBJISIOLIErocs
pacTBOpUTE/JIEM XHPHBIX KHCJIOT, NIPHYEM B [epBble MOMEHTHl IOCJe 1I0Tpy-
JKEHHS HCCJIelyeMOro MeTajjla B Cpely CKOPOCTb KOpPpPO3HH Oblja BbILIE, YEM
B mocJiefyioniee BpeMsl. XapakTepHO, YTO IPUCYTCTBHe BOALI B pacTBope
JKHPHOH KHCJOTBI B YIJIEBOAOPOJE He MOBJHANO Ha CKOPOCTb KOPPO3HH.

lungue nonaraer [17], 4TO CKOPOCTb KOPPO3HH MeETaJJIOB B YKa3aHHbIX
cpelax onpefessieTcsi B OCHOBHOM pPaCTBODHMOCTBIO NPOAYKTOB KOPPO3HH
B pacrBopureje. B ToM cayyae, ecaM 3TH NPOAYKTHl HEPACTBOPHMbI, OHH
HUTpaIOT 3aUIUTHYIO pOJib, B CJydae pacTBOPUMOCTH 3THX IIPOAYKTOB KOppO-
3HOHHBIE TIPOIECCHl B pacTBOPAX KHPHBIX KHCJIOT B YIJIEBOAOPOAAX 3HAUH-
TeJbHO YCKOPSIIOTCS M, N0 MHeHHI0O ['MH7IWMHA, MOTYT JaxKe CTaTh BHILIE, 4eM
B JIeKTPOJHTAX, T. €. B BOJHBIX PacTBOpax TeX e KHCJOT.

KoppoaunoHHble nponeccsl, NpoTeKalolle B PACTBOPAX KHUPIBLIX KHCJIOT
B yIJIEBOAOPOJAX, T. €. B JAMIJEKTpHUKaX, ['MHAUH OODBACHAET 3JIEKTPOXHMH-
YeCKMM XapaKTepoOM ITHX MpPOUECCOB, 4YTO IOATBEpIKIaeTcsl JICHCTBHEM
B cpene 1,5-H. M300KTAHOROTO PACTBOPA YKCYCHOH KHCJOTHl MakKpo3JeMeHTa
Kejezo—maruuil [18], a Takxke paboroli B 3TOH cpele OOBIYHOrO rajbBaHH-
YyecKoro aJiementa [19].

[To muenunto I'HHAMHA, IPH KOPPO3HOHHOM IIpoliecce METaJJIOB B pacTBO-
pax JXHUPHBIX KHCJOT B YIJIeBOAOPOAax OO0JbIUYI0 POJb HIPalOT MNPOAYKTHI
KOPpO3HH, T. €. Te MeTaJIHYeCKHe MbLIa, KOTODhIe O6pasyloTcs B Havasie
uponecca, odYeBHAHO, GJjarogapsi xemocopOuuH. XeMoCOpOUMH 2Ke Mpejiue-
cTByeT (u3uyeckas ajcopOuusa, HHTepecylollasg Hac KakK I[IOHH3UTEIb
MPOYHOCTH.

Mbl ofpaTusad 37ecb BHHMaHHE Ha XHMHUECKOE BJHSHHE KHPHBIX
KHCJIOT, CO/IepPXAIUUXCS B CMA30UHbIX MacJax, Ha MeTaJJH4YecKHe HeTaslu,
HaxogsauMecs B Hux. ONHAKO HAac B OCHOBHOM OyIeT HHTepecoBaTh (H3HKO-
XHMHUECKOe BJIMSIHHE 5THX BeIlleCcTB Ha MeTaJJlbl, He INpUBOAsllee K H3Me-
HCHHIO XHMHYECKHX CBOHCTB MOBEPXHOCTH. K TakuM SIBJIE€HHSAM OTHOCHTCS
¢usnueckas ancopOIMs KHUPHBIX KHCJIOT Ha MOBEPXHOCTH CTaJjH, KoTopaf,
KAaK Mbl ye TOBOPHJH, NpeoGjafaeT NpH OOLIYHBIX TeMIleparypax CMmasou-
HOTO CJI0S1.
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Mosneky/bl XKHDHBIX KHCJIOT NPH NOJHOM HaChIUIEHHH aACcopGLUHOHHOrO
GJIOs1 ODHEHTHDYIOTCA HAa METaJlJIHYeCKHX [OBEPXHOCTSIX NePIeHAHKY/ISPHO
K TIOBEPXHOCTH, TaK 4TO KapOOKCHJIbHasi TPyNia OKAa3biBaeTcs NpHKpenJeH-
HOH K MeTajly, a yIJIeBOJOPOAHAs LENoYKa BBIXOAHT B CJsoi Macaa. O6pa-
30BaHHBIH TaKHM 06pPasoOM BOPC, HJH, KAaK ero HasbIBaAIOT, ,,9aCTOKOJ", H3
MOJIEKYJI TOJJaeTcsl BO3AeHCTBHIO BHELUHHX YCHJHH, Ne(pOpMHUPYSICh MOJ HX
BinsaHueM. OQHako kak 651 HH 6blIa ceopMUpPOBaHA MOJIEKYJa, ee MeaH-
ApoBH/iHAs (opMa sIBAsieTCH HauGosee YCTOHYHBOM, KaK COOTBETCTBYIOIIAS
MHHHMYMY [OTEHUHAJbHOH 3HEPrHH, [103TO-
My 3TH MOJIEKYJIbl BCErha CTPEMSTCS BOC-
CTAaHOBHTb CBOIO MEPBOHAYANbHYIO (HOpMY.

Ancop6GHpOBaHHbIE MeTaJLTHYECKOl ITO-
BEDXHOCTBIO MOJIEKYJIBI JKHPHBIX KHCJIOT CO-
BEPIIAIOT TEILIOBble KoJsieGaTeJibHble IBHIKE-
HHUsl, ONHCHIBAST CBOHMH OCIMH MOBEPXHOCTH
KOHYCOB C BepIIMHAMH B MeCTe MpHKperJe-

-— HHfl KapOOKCWJbHBIX IPYNI K MeTasly, a
atomHble rpynnsl CHy coBepiator poranu-
OHHBIe JaBHKeHHsA [l4] (puc. 2).

Puc. 2. CxeMa TensoBHX KoJe- IIpn ancopbuum  Mosexynsl  KHpHBIX
GaHHil MOJNIEKYJ KHDHbIX KHCJOT, KHCJOT JIErKO MOTYT MHTPHDPOBAaTh IO I10-
aACOPGHPOBAHILIX HA  MeTa/le  BePXHOCTH, He OTPLIBAsICh OT Hee, NPOSABJIAS
(Axmaros). TeM GOJIbILYIO MOJBHXHOCTb, YEM BBILIE TEM-
. neparypa. Tak kak npu aacopbuuu CHu-
KAETCA SHEPreTHYECKHIl YPOBEHb aACOPGEHTA, TO TePMOLHHAMHYECKH OGOC-
HOBAHHBIM SIBJISIETCS CTPEMJIEHHE IOBEPXHOCTHO-aKTHBHBIX MOJIEKYJI KHPHBIX
KUCJIOT TOKPBITb BCE HMEIOLIMEeCS MOBEPXHOCTH BIJIOTb 10 NOBEPXHOCTe
YSKHX H JUIHHHBIX YJbTpaMHKpOTpeluH. CBOCTBO NMOBEPXHOCTHO-AKTHBHBIX
MOJIEKYJT JIETKO - MUTDHPOBATL 110 NOBEPXHOCTH H MPOHMKATh B CaMble y3KHe
TPCLIHHBl BIVIOTb N0 IIyOHHBI, Tie pa3Mepsl MOJIEKYJ HAYHHAKOT NpPensTCTBO-
BaTh WX JasIbHEHIIEMY NPOJABHIKEHHUIO, SBJSACTCS VIS HAC BAYKHBIM dakTopom
NPH PACCMOTPEHHH BIIHSHUSL MOBEPXHOCTHO-AaKTHBHBIX BELIECTB HA YCTAJNOCT-
HYIO IIPOYHOCTb CTaJIH.

MovieKynibl KHPHBIX KHCJIOT, HAXOAALIMECS B YIJIEBOJOPOJHOH cpeje
(CMa30YHOM MacJnie), CKJIOHHBl K aCCOLMALMH; MOA BJHSHHEM 3JIEKTPOCTATH-
4ecKOH (KBAaJpYMOJbHOH) M BOAOPONHOH CBsi3ell OHH MOTYT 00pa30BLIBATL
MIAPHBIE ~ MOJICKYJIbI, HA3BIBAEMble KOODAHHALMOHHBIMH jAuMepamu. Kpome
TOTO, MOJIEKYJIbl KHPHBIX KHCJIOT CKJIOHHBI K O6Pa30BAHHIO TMTAHTCKHX HHTE-
BHIHBIX MAaKpOMOJICKYJ, HIpAlOUIHX GOJbIIYIO pOJb NpH  0Gpa3oBaHHH
MACJAHOTO CJIOSL MEXKAY TPYUIMMHCS [OBEPXHOCTAMH. DTH MaKPOMOMEKYJIbI
00pasyloTcsi 3a CueT B3aHMOAEHCTBHS KaK KapGOKCHJIOB H METHJIbHBIX rpymm,
TaK M BCell YIIeBOJAOPOAHOH uactu uenu [14].

Pentrenorpacuueckue uccaenoBanus TPAHHYHBIX CJIOEB CMa3KH Ha Tpy-
HIHXCH META/IHIECKHX OBEPXHOCTSIX M0KA3bIBAIOT, YTO 5TH CJOH HOCTPOEHbI
H3 TapasljIes HBIX JPVT IPYTy HHTEBHIHBIX MaKDOMOJIEKYJ, IIPHYEM B3aUMO-
MleHCTBYIOlIHE KAPGOKCHIIB H METHJbHBIC IPYIb J€XAT B IJIOCKOCTSIX, Kaca-
TEIBHBIX K [OBEPXHOCTH MeTajsa. Bcee csow, kpoMe mepBoro kK meraiiy,
ITOCTPOEHBI M3 B3aUMOIEHCTBYIOIHX AHMEPOB.

[lepBriii cnoit, kKak yke roBOpuJIOCH BbIIle, COCTOHT W3 »y4acTokoma“
OTAGJDHBIX MOJIEKY/T MHPHBIX KHCJOT, HEe COEJHHEHHBIX B AuMephl. Ofbsic-
HAETCA  3TO TeM, YTO MpPH CONPHKOCHOBEHHH [HMEPOB C MeTa/JIHIeCKON
MOBEPXHOCTBIO MO BJHSHMEM ee MOTEHNHasa, KOTOPHIH Bbillle 3HEPTHH CBS3H
AHMEPOB, MPOHCXOAUT pas3fie/IeHHe IHMEPOB Ha OTAe/bHbIE MOMEKYJbl H HX
OPHEHTHPOBAHNAA (DHKCALUS HA METANIHYECKOH MOBEPXHOCTH.

CusoBoe 1ojle MeTaIMUECKOll TOBEPXHOCTH JEeHCTBYeT JIMIIb Ha MepBbIil
Pl ancopOHpOBaHHBIX MOMEKyd. Bo BTOpoM psny, npeicraBisiomeM co6oio
3€pKalbHOE OTpaxKeHue NepBOro psila, MO Bcell BEPOSTHOCTH JAEHCTBYIOT
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CWJIbl CBA3W AuCNiepcHOHHOro Tuna {14]. Kak yxe roBopuiocs, BTOPO# psij
COCTOMT H3 JMMEpOB, a He H3 OTAEJbHBIX MOJIEKYJ XKHPHBIX KUCJIOT. Ilocie-
AYIOLLHE DANbI CTPOATCA HA aHAJOTHH CO BTOPbIM, 06pasys NOrpaHUYHbIH
A/ICOPOLHOHHBIA MYJIbTHCJIOM.

CONpPHKOCHOBEHHE MeMy OTHeJbHBIMH pslamMu B MYJbTHCJOE NPOHCXO-
AHUT 10 METHJIBHBIM TPYNNaM, KOTOpbie SIBJISIIOTCH eCTECTBEHHBIMH ILIOCKO-
CTAMM CNAHHOCTH, TAK KAaK OHH CBSI3aHBl MeXAy COGO JIHLIb ClaGhIMH
JAMCIEPCHOHHBIMH CHJIAMH.

BsauMopeiicTBae Mex 1y opHeHTHPOBaHHBIME NepPIeHAHKYJISIPHO K OBepX-
HOCTH aicopGeHTa AMMepaMH B MYJbTHCJIOE IPOHCXOMHT 3a CYer JHCrep-
CHOHHLIX CHJI; B CBf3H C aJIATHBHOCTBIO HX JEHCTBHA M NapailiebHOCTbIO
Pa3MELUEHNs Leneil B3aMMOACHCTBHE MeXIy AMMepPaMH AOCTHIAeT AOBOJbHO
3HAYMTEJIbHOH BEJHYHHbI, TIPHYEM SHEPTHs CBSI3H COCEIHHX MOJIEKYJl pacTer
¢ YAJTHHCHHEM yrJI€BOACPOAHOM yacTu uend. [locnennee Mbl HabJiogaeM npu
VBEIHUECHHH MPOYHOCTH a/ACOPOI yOBAHHBIX IUIEHOK, MOJYYEHHBIX H3 BBICILMX
I'OMOJIOrOB KHPHBIX KHCJOT.

OpueHTHpOBaHHbIE Ha MeTaJlHYeCKOl MOBEPXHOCTH MOJIEKYJIbl JKHUPHbBIX
KHCJIOT MOTYT COJIbBATHPOBATBLCS HEAKTHBHBIMH yIJIEBOJOPOAHBIMH MOJIEKY -
JIaMH Macjaa H TakuM 06pa3oM 0Gpa3oBLIBATb OTHOCHTEJLHO TOJCTHIE CJIOH
CMaskH, DasbeAMHSIONIME TPYIUHECS MOBEPXHOCTH. STH CJOH BKJIIOYAIOT
B Ce6s1 MYJIbTHC/JOH  2/COPOHPOBAHHBIX MOBEPXHOCTHO-AKTHBHBIX BellecTB
(HPHBIX KHCJIOT) H COJBBATHPOBAHHBIE OKOJO HHX VIVIEBOJIOPOAHbBIE MOsIC-
KyJIbl CMa30YHOrO MacJ/ia. JTH MOCJEJHHE MOJEKYJbl, TaK e KAK U Moje-
KyJIbl MKHDHbIX KHCJOT, MOTYT CO€IHHATHLCH B THIFAHTCKIHE MaKpOMOJIEKYJIbl,
OPHEHTHPOBAHHbBIE NapaJljie/lbHO TOKY Macia B CMa3OYHOM CJIO€, BbI3BaHHOM
OTHOCHTEJIbHBIM [epeMelleHHeM TPYLIMXCS NoBepXHocTed. Takum o6pasoMm, 3a
MYyJIbTHC/IOEM aCOPGHPOBAHHBIX MOJIEKYJ JKHPHBIX KHCAOT HabmogaeTcs
ONpe/ie/IeHHAsT TEKCTypa CMAa30YHOTO /105, OGYCJIOBJIHBAOLIAS IPOLECCHI
fIEPEXOMHOrO  TPEHHSL OT TPAHHYHOTO K JMHAMHYECKOMY M Ha3B:'HHas
A. C. AXMaTOBBIM HeMaTHYECKHM MeXaHH3MOM NEPEXOJHOr0 pexXuMma Tpe-
Hus [14].

Hirepecto, 4To u KoncucTenTHbIe cMa3Ky, HMeIollHe aMopgHoe CTpoeHHe
B CBOEH Macce, B TOHKOM CJIoe, HAHECEHHOM Ha TPYLLIHECsT OBEPXHOCTH, TMpH-
OOpeTaioT ONpeielleHHyI0 CTPYKTYpPY; HX MOJIEKYJ/Ibl NIPHOGPETAIOT HOPSINOK,
OINHCAHHBIA BBhIIlIE.

B. B. Hepsarun [20], ucciaenys cosbBaTHbe CJIoH, obpasylolinecst Npu
CMaske (O KOTOPbIX peub IIa Bbille), Hallel, YTO COIbBATHBIE ClOM IBYX
CMA3aHHBIX [OBEPXHOCTeH, NPHXOASA B CONPHKOCHOBEHHE H B3aHMHO Hasa-
Faach MpH JOCTATOYHOM COJHKEHWH NOBEPXHOCTEH, Da3BHBAIOT AaBJEHHE,
OAHOSHAYHO 3aBHCSILEE OT PACCTOSHME MeX/y MOBEPXHOCTSIMH. DTO naBie-
HHE CTPEMHTCH DA3ABHHYTb COJNHMKAIOLIHECS MOBEPXHOCTH, KAaK Gbl packJu-
HUTb MX.

Hccnenosanus B. B. Iepsaruna u ero COTPYAHHKOB NOKa3aJsH, 4TO pac-
KJIHHUBAIOILEE [NEHCTBHE COJIbBATHBIX CJIOEB 3aBHCHT OT TOJIIHHEL cios,
PESKO YBEJIHYHBASICH NPH €ro yMeHblUeHHH. BBeeHHe B cMa3ouHoe Macio
TMOBEPXHOCTHO-aKTHBHEIX BCILECTB (PKHPHBIX KHCJIOT) TaKmke YBeJHYHBAET
packIHHHBaIOUlee AeHCTBHe *.

Packannupaiolnii sexr conbBathbIX c10eB Hepsruna npeacrasaser
HECOMHEeHHBIH HHTepeC Ml HAaIUMX HCCJAEIOBAHHH BIIMSIHHS MTOBEPXHOCTHO-
AKTHBHBIX BeILECTB HA yCTAJOCTHYIO MPOYHOCTH CTAJH.

Kpatko pasoGpaB Mexanusm cmazounoro jeficTeust NpU  rpaHH4YHOMH
CMasKe, Mbl MpPOHJUIIOCTPHPOBA/H POJb MOBEPXHOCTHO-AKTHBHBIX BElIECTB,
HAaXONALIHXCA B MAC/I€, H HX 1I0BE/leHHe NPH TPAHHYHOM TPEHHH HJH CMa3bi-
BaHHH TOHKOH muienko#. Kak BHIHO, 5TH BelectBa HeOGXOZHMBI 15t obpa-
SOBAHHA MYJbTHC/ION, Pa3beJHHSIOLIEr0 TPYIIHECS MOBEPXHOCTH.

* Heo6XOIHMO OTMCETHTb, uTO PACK/IHHUBAIOUIHE [AaBJEHHS HCCJAEJ0BAJMHCL B CTATH-
YECKHX YCJOBHAX NPH OTCYTCTBHH CKOJIbIKEHHS.
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Pa3nuunble Macjla CojepXaT pas3juyHOoe KOJHYECTBO IIOBEPXHOCTHO-
akTHBHBIX BellecTB. HamboJiblllee HX KOJHYECTBO COJAEPXAT Macja pacTH-
TeJIbHO-XXHBOTHOTO IPOHMCXOXKJAEHHSI; MHHepaJibHble Macjla 3HaYHTeJbHO
MeHblle aKTHBHDOBANbl, H JJIA YJyUlUeHHs HX MAacJsHUCTOCTH K HHUM 4acTo
npuOaBJAIOT Macja PAaCTUTEJIbHOTO IPOHCXOXKAEHHUS, NOJydas Tak HasblBae-
Mbie KOMIAyHAHPOBAHHblE Macja, JUO0 AaKTHBHUPYIOT HX Pa3JUYHbIMH IIpH-
cajKaMH C AHGHJIbHBIM CTPOEHHEM MOJIEKYJBl, coiep:kallell B cebe noJsp-
Hele rpynnel OH, COOH, NH;, NO: u 1. n.

L yaydllleHHsI CMa304HOH CIOCOGHOCTH MHHepaJibHBIX Maces MOpHMe-
HSIIOTCSL [VIaBHBIM 00pa3oM INPUCAJKH B HeOOJbLIMX KOJAHUECTBAX KHPHBIX
KHMCJIOT U OCOOEHHO HelpeAe]bHOH OAHOOCHOBHOH OJIEHHOBOH KHCJOTbl psija
C,H2,~1COOH.

OfHAKO HCCe]oBalnd psila aBTOPOB IIOKasaJjld, YTO YJYUYLIAOT Kaue-
CTBA MHHepaJbHBIX Maced e TOJbKO XKHpHbie KHCJAOTBl, HO MU HHUTPHJbI,
aMHJbl, KETOHbl U JAPYIMC OpraHHYECKHE BEIIeCTBA, KOTOpble A00aBJISIOTCA
B HE3HAUMTEJbHbLIX KOJHUECTBAX K MHUHepaJbHBIM MacaaM. HccienoBanus
Tpuiast [9] nokazajy, 4T0 BeCbMa IMOBEPXHOCTHO-AKTHBHOH N00aBKOH K CMa-
30YHBIM MacJaM siBJsieTcsi Jo0aBKa TBepJAbIX [VIMLUEPHAOB (TpUIlaJjbMeTHHA,
TpUCTEapUHA M T. I0.), Y KOTOPHIX AKTHBHBIM SIBJISIETCA IJIHIEPHHOBbIH
pajuKas.

[apou [9], n3aMmepsss ko3¢ duUHEHT CTAaTHUECKOTO TPEHHS Ha MalldHe
cBoeli KOHCTPYKUHMM, Haiies, uro pobGasijeHne 0,5% OJieHHOBOH KHCJOTHI
K MHHEPAJbHOMY Macay cHHxKaeT Ko3th¢uuueHT TpeHus Ha 19%. HMm xe
OblJl HCCJAEJOBAH DSiji BEUIECTB W HalJJeHO, YTO >KUPHble KHCJIOTHI B KauyecTBe
106GaBKH K MHHepajibHBIM MacjaM JaloT Haubojiee HHU3KHH KO3(Q(HLHEHT
CTATHYECKOTO TPEHUsl MO CpaBHEHHWIO CO CIIMPTAaMH H napagHuHaMH.

Huneii [21), usmepsis BeJMuuHbl KO3 duUHEHTa CTATHYECKOIO TPeHHus,
HalleJ, 4TO XKHUPHble KHCJOTLI, JoOaBjdeMble K Macjay JAaxe B KOJHYECTBE
0,1%, 3HAUUTEJBHO CHHXKAKOT KO3(P(HUIHEHT CTAaTHUECKOTO TPEHHS, INpHYeM
¢ yBeJHYEHHEM KOHLEHTPALHH JKHDHBIX KHCJOT CHHXKeHHe Ko3(dduilhenTta
TPEHHA 3aMeIIsIeTCs.

K. K. Manok u K. M. KorreBa [5] nokasanu, 4To KO3(OHUIHEHT CTATH-
yeckoro Tpenus aBuamacga CO, pasubii 0,117, npu pobaske 0,5% onenno-
BO#i kucjaoThl cHuauics po 0,090. HMuTepecHo, 4TO yBeJuyeHHe INPOLEHTA
COflepKaHusi OJIEHHOBOH KHCJIOTEI B Macie A0 5% CHH3HIO KO3(PPuIHeHT
CTATHYECKOro TpeHHs Takxke a0 Beauyuxsl 0,090.

Uccnepnosanua B. B. lepsardHa H ero COTPYIHHKOB [22] MacJsilH-
CTOCTH CMasOuHbIX Macej Ha npubope [lepsirMHa [okKasajd, YTO BpeMs,
B TeueHHe KOTOPOro yAep:KHBAETCs CMa3ouHas IJIEHKa Ha TPYIUHMXCs TOBEpX-
HOCTSIX, 3HAYUTEJbHO YBeJMUYHBAaeTCs [pH M[pHCajJKe K HEAKTHBHOMY Base-
JMHOBOMY Macjy OJIEHHOBOH KHCJIOTH. XapaKTepHO, 4YTO KO3((hHIHEHT
TpeHusl TPH 3TOM CHHXXAETCH He3HauMTeJbHO.

[To muennio L. B. Jlepsiruua [23], npucajgka NOBEPXHOCTHO-AKTUBHBIX
BEUIECTB THIIA JKHPHBIX KHCJIOT K HeNOJSPHBIM YIJIEBOAODOAHBIM CpefaM
(HanpuMep, Ba3eJIHHOBOE MAcCJ0) NPHBOJMT K NOSBJEHHIO OPHEHTAUHH MOJle-
KyJ KaK IOBEPXHOCTHO-aKTHBHOTO BeILleCTBA, TaK H HEMNOJSPHBIX MOJIEKYJI
Macsia, 4eM M YBEeJHYHBAETCSl I'PY3ONOAbEMHOCTb IPaHHYHOM IIJIEHKH.

Bausinne npHcajok, CHIRKAKOLUNX KO3(QQHUHEHT CTATHYECKOrQ TPEHHHA
y MHHepalbHbIX Macej, CONJAacHO MCCJICNOBAHHSIM MHOTHX aBTOPOB, COXpa-
HSeTCSl NPH CaMbiX pasjiduHbix Harpyskax. OpHaxe BbllllenpHBeleHHbBE
HCCJIeIOBAHHUS BJHMSHHS NPUCALOK NMOBEPXHOCTHO-aKTHBHBIX BeELIECTB, NMpOBe-
JleHHble TPH TPAaHUYHOM TPEHHH HA MallMHaX [0 onpejeseHHio Ko3ddu-
IHEHTAa CTATHYECKOro TPEeHHs, He MAIOT NpPeACTaBJEeHHST O TOM, KAK ITH HpPH-
cafiku GYIyT BJHATH Ha KHHeTHUeckoe TpeHHe *. [lpm uccie/oBaHuu Macjs-

* Xorsi cyuiecTByeT MHeHwe [23], uTo KO3((PHUUHEHT KHHETHUECKOTO TPEHHsS Majuo 3a-
BHCHT OT CKOPOCTH, 3a HCKJ/IIOYEHHEM TeX CJydaes, Koraa Nnpouecc TPeHHd BbI3bIBaeT KaKHe-
5in6o Hu3MeHenwms B ancopbunomHoM cJoe. COrJacHo 3TOH TOUKH 3peHHs, KO3(POHUHEeHT
CTaTHYECKOro H KHHEeTHYEeCKOro TpPeHHsa MaJio OTJIHYaloTCs Apyr ot apyra.
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HHCTOCTH Maceil B JAHHAMUYECKHX yCJoBHAX [24] 0Kas3ajoch, Y4TO MPHCAIKH
MaJibiX KOJIHYeCTB NOBEPXHOCTHO-aKTHBHbIX BeiectB (0,5% C;;H33COOH
wau 1Y% Ci7HssCOOH) noxmnxkaior KO3 (PHLUKEHT KHHETHIeCKOTI o TPeHHUs 10
CPaBHEHHIO C YHCTBHIM MacioM, NpHOasKa xe GOJBLIHX KOJHYECTB MOBEpPX-
HOCTHO-aKTHBHBIX BellecTB (2Y% C,7H33COOH, 109% Gpaiicroka), Hao6opoT,
NOBLILIAET KO3(P(HUHEHT TPEHHS.

OTUMH HCC/IEIOBAHHSMH BBISICHEHO, YTO NPHCAAKA [OBEPXHOCTHO-AKTHB-
HbIX BELIECTB K CMa3ouHbIM Mac/JaM NPH HX paboTe B JHHAMHYECKHX YC/O-
BHSIX CKa3blBAlOTC KAK NPH TOHKHX IIEHKaX, TdK H IPH OTHOCHTEJbHO-
TOJCTBIX [UIEHKAaxX CMa304HOro Macja. Hekoropble MOREpPXHOCTHO-AKTHBHBIC
BELLECTBA (HaNpHMep, CTeapUHOBAas KHCJIOTA) YMEHbIUAIOT KOIDQPHIHEHT
KHHETHYECKOTO TPEHHA NPH TOHKHX [UIEHKAX H IOBBILAIOT €ro MPH TOJCTbIX.

XapakTepHO, YTO OJIEHHOBAsi KHCJOTA, NPHMEHseMas Kak npucajika
K Mac/jaM H NOBBILAIOWAS UX MAC/SHUCTOCTb, CHHXKAET KOI((HIHEHT KHHe-
THYECKOTO TpEHHs TOJbKO NpH Majbix jgo6aBkax (0,5%), yBeaduenue ke
NpOLEHTa OJIEHHOBOH KHCJIOTBI B CMa30YHOM Macje A0 2 yKe 3HAYHTEeJbHO
NnosbllIaeT KO3(Q¢uuueHT TpeHus. OQHAKO 4YeM Bhlie OBUIO COLEpIKAHHE
OJIEHHOBOH KHCJIOTLI B Macje, TeM HHIIE OKAa3biBAJINCh TPYLIMECS MOBEPX-
HOCTH, T. €. yBeJIHYEHHE IPOUEHTHOrO COAEPKAHUS OJIEMHOBOH KHCJOTH
B Macje COJeHCTBOBajI0 NMPHpaboTKe HAN(BEl KO BKJAAJbILIY.

B cBA3M ¢ nOClEIHHM ~ HHTEPECHO  OTMETHUTb TOYKY  3peHus
akal. Il. A. PeGuniepa Ha posib IPHCAJ0K NOBEPXHOCTHO-AKTHBHBIX BEeLIECTR
K CMas3oyHbiM Macsaam [8,25]. Akajn. Il. A. Pe6unaep ykasbiBaeT, uTo aKTHB-
Hble CMa3KH HIPAICT ABOHCTBEHHYIO POJIb: BO-IEPBLIX, BBI3bIBAIOT CHHXKEHHE
TPeHHs, @ CTa/I0 ObiTh M OGILIEro M3HOCA TPYLIHXCA MOBEPXHOCTEH 6saaronaps
TNOBBILICHHIO MAaC/ASHACTOCTH Maces, BO-BTOPBIX, BBI3BIBAIOT  YBEJHUEHHC
M3HOCA (NMPH ONpENENeHHbIX YCJOBHSIX) B CBSA3H C aJcop6IHOHHO-IHCTIEPTH-
PYIOLIMM JeHCTBHEM I[10BEPXHOCTHO-aKTHBHBIX BEIIECTB.

ITociientee o6bscHAETCS  NPOHHKHOBEHHEM  IOBEPXHOCTHO-AKTHBHDIX
BellecTB B /epOpMHUPOBAHHONH 30HE Handbl H BKJAAABIIA B HMEIOIHECS Ha
NOBEPXHOCTH MeTaJl1a YJbTPAMHKPOTPELIMHBI, 1€ 3TH NOBEPXHOCTHO-AKTHB-
Hble BElECTBA BHI3LIBAIOT a/COPOLUOHHO-PACKJIHHHBAIOLINA 3PekT Pebun-
Aepa, NPUBOAALIMA K MJIaCTHYECKOMY H3HOCY H OTPBIBY OT/AEJbHBIX YaCTHI[
MeTaj1a. ITOT H3HOC MeTaslla, COIIACHO HccJenoBanHusM I1. A. Pe6bunpaepa
H €ro COTPYZHHKOB, YCHJIMBAETCS C yBeJHYEHHEM YAEJbHOTO IABJEHHs, TaK
KaK NPH 3TOM YBEJHYHBACTCS 30HA INpenpaspylleHHs.

H3-3a mepoxoBaToCcTH TPYLIHXCS NMOBEPXHOCTEH B OTAENbHBIX 3JeMeHTaxX
NOBEPXHOCTH TPH CpPeJAHeM HEeBLICOKOM YIEJbHOM MAaBJEHHH B NOIIMIHHKE
MOryT HaGJIIOAThCSl BeCbMa BBICOKHE JIOKaJbHble AaBjeHHsi. CMa3Ka B 3THX
MECTax NIPH HeJOCTATOYHOH €e aKTHBHOCTH OyJeT BbIXKHMATbCs, H NPH OTCYT-
CTBHH JOCTATOYHOrO KOJIHIECTBA MNOBEPXHOCTHO-AKTHBHBIX BEUIECTB MOMKET
NMPOH30UTH 3aelaHHe M CBAaDHBAHHE 3/IEMEHTOB TPYIUHXCS IIOBEePXHOCTEH.
Ilpn Hanuuuu 10BEPXHOCTHO-AaKTHBHBIX BELIECTB TOHKAS  aACOPOLHOHHAS
JIEHKa, COCTaBJeHHasi W3 HHX, He BBIXKMeTCH, a, DPasbeQHHsst TpyLIHecs
MOBEPXHOCTH, OYAET IPOHHKATb B YJbTPAMHKPOTPEIIHHBI 30HBI MOBBILIEHHOTO
JlaBJieHusl, CrOCOOCTBYS €€ H3HOCY NPH BLICOKOH CTENEHH H3MeJbYeHHS U Obl-
CTPOH NMpupabaTbIBAEMOCTH MOBEPXHOCTEH.

I1. A. PeGunpep ([25] ykaspiBaeT Ha IOJOXKHTEJbHYIO pPOJb AKTH-
BallM¥ CMa3KH, KOTOpasi MOBBIMIAET MAaCIsSHHCTOCTb Macja, HO KPOMe TOro
JeslaeT CMasKy aHTHaBapHHHOH, ycKopsiollell NmpupabaThiBaeMOCTb; CIOCOG-
CTBYSl IPHTHPKE M CIJIAJKHBAHHIO BBICTYIOB, TAKas CMd3Ka CHHMAEeT BLICOKHE
NaBJleHUs BCIOAY, ILAe OHH o06pa3syiorcsi. [IoBepXHOCTHO-aKTHBHLIC BENICCTBA,
noGaBisieMble K CMa30YHbIM MacJaM, OCOGEHHO NOJIE3Hbl B [EPHOJ NpHpa-
GOTKH W B MOMEHTHl BBICOKHX HArpPYy30K, MOTVIUHX BBI3BATb 3aelaHHe.

K ckasannomy Heo6xoauMo n0GaBHTh, UTO B MECTax C IIOBBIIIEHHBIM
JaBJleHHeM OGBIYHO DPa3BHBAIOTCS BLICOKHE TeMIepaTyphl, CIOCOGCTBYIOIIHE,
KaK Mbl Y¥Ke OTMeyaJu Bbllle, XeMOCOPOUHOHHBIM mnpoueccaMm. Ilocaennue
BbI3OBYT ,,XHMHYECKHH“ H3HOC 3THX MeCT, aHAJOTHYHBIH TOMY, KOTODHIH
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MMeeT MeCTO MpH Mpoleccax ,XHMHYECKOH™ IIOJHPOBKH MeTaJIOB U CTEKOJ
no H. B. I'pe6enuinkony.

[Tepexonst K pacCMOTPEHHIO KAaUeCTB CMa30YHBIX Macesi, KaK OXJ1ax/ako-
LHX Cpef, HEOOXOMMO OTMETHTb, YTO OHH HEBBLICOKH, TaK KaK TENJIOEMKOCTb
Macja HeBeJIMKa, Tepejiays Temla TEeMJIONPOBOAHOCTbIO OT Harperofl LMKJH-
YeCKH Harpy>eHHOH AeTajli Yyepe3 Macjo MOYTH HCKJKYAETCS B CHJY HU3KOIO
Ko3(p(HUHEHTA TENJONPOBOAHOCTH Macja *, a KOHBEKIHOHHasi Iiepefaya
TEMJIA 3ATPYAHAETCA TOJCTHIMH IOTPAHHYHBLIMH CJIOAMHM, 06pas3yIOUIUMHUCA HA
TENJIOOTAAallel [OoBepXHOCTH MeTaJjna. llocienHee obbsicHsiercsi GoJibliei
KHHEMATHYECKOH BA3KOCTbIO Macja, B CHJIY 4ero o6pas3yloTcsi TOJCTbie IIO-
rPaHHYHBIE CJIOH, LEJHKOM HaXxojsliHecs B JAMHHApDHOM COCTOSIHHH. YJyu-
LIEHHE TelJIonepexoja OT HarpeToH JeTajH K MacjJy BO3MOXKHO NDH YBeIH-
YeHHH CKODOCTH TOKOB Macja OKOJIO [ETajd, YTO CHHXKaeT TOJIIHHY INOrpa-
HHYHOTO CJIOS H YJAYYIUdeT KOHBEKUHOHHbI o6MeH. COCTOSIHHE MOBEPXHOCTH
(L1IepOXOBAaTOCTH) ULHKJIMGECKM Harpy:KeHHOH JeTajH Takxe BJHSeT Ha
TEIUIONePeXo/; NPH HAJHUHH LIEPOXOBATOCTH, MOTyllleH BbI3BaTb 3aBUXpeHHe
Macjia OKOJIO NOBEPXHOCTH, TeIlIonepexof yJydliaercs™*.

Peslomupyst paccMoTpenne Bolmpoca O CMa30uHOM Macje K4K O cpefe,
MOTyileH BJHATb HAa VCTAJOCTHYIO IIPOYHOCTb CTaJIH, HEOOXOAMMO IMPH3HATh,
4TO 3TO BJIHSIHHE B OCHOBHOM 3aBHCHT OT MOBEDPXHOCTHOH aKTHBHOCTH CMa3ou-
Horo Macsa ¥ OyJeT NMPOUCXOAHTb B OCHOBHOM IOA BO3jeficTBHeM (u3nue-
CKOll afcopOLUH MOBEPXHOCTHO-AKTHBHBIX 3JeMeHTOB MacJja. OaHako Hapsay
C 3TUM BJIHSIHHEM He HCKJII0YeHAa TaKXKe BO3MOXHOCTb KOPPO3HOHHOIrO BJIHS-
HHSI, Pa3BHBAIOLIErOCs Ha OCHOBE XeMOCOPOIHMOHHBIX IIPOLECCOB, HO OHO,
HeCOMHEHHO, HMeeT BTODOCTENeHHOe 3HayeHHe B CHHXXEHHH BBIHOCJIHUBOCTH
cTali B cMas3oyHeX Macaax. Oxjaxjamoollee BJIHSIHHE Macja TakxKe HeBe-
JIMKO K B OCHOBHOM Ha6/10faeTcsi B 30He OTPaHHYEeHHOH BbIHOCJIHBOCTH.

3. BausiHMe cMa304HBIX Macea Ha YCTAJOCTHYIO NMPOYHOCTb CTAJH

Brillle Mbl MoKaszajd, YTO CMa30YHble Macja NPaKTHYECKH KOPPO3HOHHO
6e3onacHbl, HO 00Jafal0T BBICOKOH ajacopOuuOHHOI cnocobHocTbio. M3 cMa-
30YHBIX MacesJ Ha IOBEPXHOCTH MeTaJUIMUYECKHX JeTalled aacopOHpYIoTCs
NOBEPXHOCTHO-aKTHBHBIE 3JIEMEHTBl 3TOrO0 Macja, NpHYeM 3Ta ajcopbuus
B OCHOBHOM HOCHT Xapakrep (pu3HyecKo# aJcOpOLHH H TOJbKO B OTIAEJIbHBIX
cJyyasix BO3MOKHLI XeMOCOPOLHMOHHBIE MpoLecCchl (B MeCTax C IOBBILIEH-
HBIMH TeMrepaTrypaMd u T. IL).

AjcopGuHOHHbIE POLECCH, NPOTEKAOLHEe HA LIMKJIMYECKH HarpyKeHHbIX
CTaJbHBIX JeTalisfgX, HaXOASIIUXCS B Mac/IsfHOH cpejle, MMO3BOJHJH INPEANoJo-
JKUTh O CHHKEHHHM HX YCTAJOCTHOH NPOYHOCTH NOJ BJAHSHHEM aACOpOLHOHHO-
packauHuBawllero sddekra Pebunnepa, 4To u OblJIO NOATBEPKAEHO PSIOM
HalllUX ONBITOB, Pe3VJbTaThl KOTOPHIX NPHBEAEHHl HHZKE.

C 1esblo BbISICHEHHS] BJHSHHS CMa30YHBIX MacesJ Ha YCTaJOCTHYIO Npod-
HOCTb CTaJIH HaMH OBIIY [PEANPHHATH HCCJEAOBAHHS Pa3JIHUHBIX XPOMHUCTBIX
cTaseil B OTOMIKEHHOM H 3aKaJeHHOM COCTOSIHHM, KOTOphle LMKIHYECKH Ha-
IPYXKaJUCh B KHAKHX MHHEpPaJbHBIX H PAaCTHTeJbHbIX CMAa3OuHbIX Macljax,
KOHCHCTEHTHBIX CMa3KaX H AKTHBHPOBAHHBIX MHHEPaJIbHbIX Macjax.

Bhi6op XpOMHCTHIX cTajieli ObT 0OYCJIOBJIEH KeJaHHEM CHH3UTh BIHSHHE
KOPPO3HOHHBIX IIPOLECCOB HA YCTAJOCTHYIO NMPOYHOCTh CTaJH B Cpele CMa-
304YHOTO MacJia, 0COGeHHO B Cpe/e AKTHBHPOBAHHOTO XHPHBIMH KHCJIOTAMH

* Kosh(UUUEHT TeNIONPOBOAHOCTH Macaa Haxoautes B mpegedax  0,003—
—0,00045 xaafcm-cex-2pad W Mano HW3MeHseTcs ¢ TeMIepaTypoil. TemoeMKoCTb KoJe-
6nerca B npepenax 0,4—0,5 xaaje-epad [9].

** Cpeasl Il rpynmbl o6jajaioT JYUWIHMH OXJaXIAIOUIHMH KauecTBamH, 4eM MacJja.
OcioBHO# KoMnoHeHT cped 1l rpymmsl — BOJAa MMeeT TEMIOEMKOCTh B 2,5 pasa, a Temso-
IPOBOAHOCTH B 5 pa3 Goabluyio, yem y Macnaa {9]. ¥ cpex Il rpynmbl morpaHuyHblli CJiOH
MOYTH BCerfa HAXOAHTCA B TYpPOYJEHTHOM COCTOSHHM H He OKa3blBaeT COMNPOTHBJIEHHSA
NMPOXOXKAEHHIO TerJa, Kak 3TO Mbl HMeeM y Macna r26).
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Macna. XpoM, KaK H3BECTHO, YBEJHUHBAET CTOHKOCTb CTAJH B OTHOIICHHH
KOppO3HH, KOTOpasl, KaK BHAHO H3 MpPEABIAYINEro, XOTS H He3HAYHTe/bHA
B pacTBOpax XHPHBIX KHCJOT B YIVIEBOJOPOLAX, HO BCe JKe MOXKeT IOBJHATH
Ha KapTHHY aACOPOLHOHHOIO CHHXKEHHSI YCTaJOCTHOM NIPOYHOCTH.

Hamu uccnegnosasack xpomucrasi crans 20X (nepnutr—deppur), cramab
40X B 3aKaJEHHOM H OTOMIKEHHOM COCTOSIHHH (MapTeHCHTHAs, TPOOCTHTHAN
H COpPOMTHAs CTPYKTYPHl /S 3aKaJieHHBIX cTajell u NepJHT-(peppUTHaAH
CTPYKTYpa Ul OTOXMKEHHOH CTaju), a TaKke LIAPHKONOALIMIHHKOBAS
cranb IIX-15 B 3akajeHHOM COCTOSIHHH (cTpykTypa, mosyyeHHas H3OTepMH-
yeckoit 06paboTKOM, mNpeacrabisia CKPBITOKPHCTAJIJIHYECKHA MapTEHCHT -+
-+ Kap6umbl). :

B rta6n. 1 npuBeseHb pesyabTaThl HCOBITAHHIL VKa3aHHBIX CTaJel, mpo-
BENCHHBIX B MEXaHHYECKOH, NWHAMMYECKOH M MeTajJiorpaduyeckoit Jabopa-
TopHsix MHctutyra crpourenbHoii mexannku AH YCCP.

Tabunuma l

Mapka C P P 0—1 s Y
cram | PR eofacae) | Geafaeas) | eefeny| 0 |y |
20X Iepaut— deppur 52 33 28,9% 24 70 127
IMepaur—geppur 65 31 31,4%% 16 65 137
Cop6ut 102 88 50,2% 11,25 64 | 262
40X
Tpooctur 175 — 88,3* 5,15 47 429
Maprencur 208 — 77,5% 6 40 512
I1X-15 | Cxpuroxpucran- 219 — 95% — - 1 627
NHYECKHH Map-
TEHCHT-}KapOH bl

YKasanuble CTPYKTypel —MoJyyaJuchb crenyoueii  TepMoo6GpaGoOTKO.
Ilepaut-eppurnast crpykrypa cramu 40X 6piia NoJIydeHa IyTeM OTXKHra
8 teyenne 30 MuH. npu Temmeparype ¢t — 1150° C. Cop6uTHast cTpykrypa
3TOH JKe CTajM MoMyYajach 3aKaJKoH B Macso npu ¢ = 870°C c BblaepXK-
Kol 20 MHH. C MOC/JeAYIOWHM OTIYCKOM B TeUeHHe 2 YacoB pu TeMieparype
560° C. TpoocrutHas c1pyKTypa floJydanacb 3akKajkod B Macjo IpH
t=870°C ¢ Boyepxkoii 20 MHH. C NOCJEAYIOIHM OTIYCKOM B TeUueHHe
2 vacoB npu Temneparype 350° M BTGPHUHBIM OTIIYCKOM B TeueHHe 7 4acoB
(B cpeme macna) npu = 320°C. MapreHcuTHas CTpyKTypa moJyd4anack
3aKaJkoi B Macio npu ¢:=870°C ¢ Bugepxkoil 20 MuH. ¢ NocJeAYIOLUM
OTNYCKOM B TedyeHHe 2 4acoB npu f==200°C. O6pasusl u3 craau LIX-15
CTPVKTYPLI CKPBITOKPHCTAJINYECKOTO MapTeHCHTA - KapOHAbl GblH  TOJy-
YEHBI M30TEPMHUYECKOH 3akajkoil oT Temneparypel 840°C B macio TeMIiepa-
Typbl 130°C ¢ BbIIepkKOi B HeM B Teuenue 120 yacos.

. OGpasubl HCHIBITEIBATHCh HA YCTAJOCTh B PasHUHBLIX JKHIKHX HoBepX-
HOCTHO-AKTHBHBIX Cpe€aax, a Takxke B TaKOH KODDO3HOHHOH cpele, Kak
AMCTHIMHPOBAHHAS Bofa***. PesyabTaThl 9THX HCOHITAHMH — NPHBEAEHBI

* O6pasupl, munposannee 1o 9 kaacca 9a pa3psiia YHCTOTH MOBEPXHOCTH.
** OGpasubl, windosanusle o 10 KJacca YHCTOTHI MOBEPXHOCTH.

*** HMcenenoBatus NPOBOANJNCL B AHHAMHYECKOIN sna6opatopun Muc™uTyTa CTpoHTeiB-
Hefl Mexannkn AH YCCP ma ycTaflocTHHIX MamMHAX THITA »HY“ Muuncrepersa npu6opo-
crpoennst CCCP, paGoTaloliuX NPH CHMMETPHUHOM WHKJe (H3rus NpPH BpAIEHHH) C TPHCIO-
COGJIEHHSIMH, TMOSBOJIFIOIMMH [IOMELIATh HCITRITYeMbIi o0pasen B pasHYHbe KHUAKHE CpPeJIH.
Bpamaiomuiics B cpefe UHKAHYECKH HAarpyKeHHbIH OOpasel HEPrHYHO MepeMelIHBaJI cpeny,
oforauias ee KHCJIOPOZOM BO3AyXa. YacToTa HarpyxkeHus 2840 LHKJIOB B MHHYTY.
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Ta6auua 2
Tipenen ycranocTH o_, x2/MM> H KOSDOHUMEHT LHMKIHYECKOH NPOYHOETH UPH BINAHHH Cpelbl B%
20X Crane 40X crans IIX-156
- ep-
Icp};"nbl Ha3Banue cpean c;:gb_q,epp"m? nepaut — dep- cop6ur, copouT, TPOOCTHT, MngeHCHT, M%p‘l;fnﬂaccnc'r,
peant 9 knacc umcro- | PHT, 10 xaacc 10 kaacc 4 xnacc 9 knacc Kaace oknace
THl TIOBEPXHOCTH YHCTOTH YHCTOTHI YHCTOTHI YHCTOTBE YHCTOTH .
MOBEPXHOCTH NOBEPXHOCTH | NOBEPXHOCTH NOBEPXHOCTH | MOBEPXHOCTH TOBEPXHOC
28,9 31,4 52,4 49,4 88,3 71,5 95,0
. Bosayx £=100 £=100 g=100 g=100 =100 £=100 3;}(1)0
N=5-10% | Tentan — - - — - - B=l’01
88,3
BasennnoBoe Macn0 ﬂisl'go — - - £=100 — —
11 19 20,4 23 . 38,4 13 35,1
2107 JucTHAIMPOBAaHHAS BOJAA 4=66 p—=66 =46 p=435 p=17 p=37
Baseannosoe Macio _ _ _ _ 83,2 _ _
110,25% CysHy30H £=97 5=943
Baseaunosoe macno 27,4 - - - - — —
—+1¢4 C,-H;3COOH B=95 926
27,9 29 - - - - 8=97,5
Macao MC $=96,5 £—=925 _ i = f
Orpaboransoe MC — ,9—2825 -
- )
N 96,9 25,5 421 41,8 78,2 67 84,7
Nzﬂ)['r MC+2"/0 (-q HSSCOOH [2=9,3 5:81.5 ﬂ=80 —85 ﬂ=88,5 ﬂ=87 ﬂ=89
41 —
Kactoposoe Mmacio - - - ,9:8’3 - -
89,7
Coaupnon - — — —_ - — 9—94,5
Koncraann - — — — — — ﬂigéi})

* Onpeneneso npu n == 1500 UHKJIOB B MHHYTY.
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B Talil. 2, B KOTOPOH JaHbl MPEeNeJbl YCTANOCTH HCMBITAHHIX CTanel H KO3(-
QUIUHEHTEl LHKIHYECKOH NMPOYHOCTH NPH BJIHAHHH cpenbi,

0_, cpera
= a—;m‘; ayx * 100 %.
-1
Kak BumHo u3 ta6n. 2, cpemsl, oTHocsumimecs k nepBoil rpymme, JH60
BOBCE He BO3[EHCTBYIOT Ha mHpeles BbHIHOCJIHBOCTH CTajy, JH6O, OxXJa)kias
UHKIHIECKH HarpyXeHHble o0pasubl, He3HAUUTEJbHO MOBBUIAIOT HX BHIHO-
CJHBOCTb (rentaH [3]). Bce cpeawi, oTHocsuHecs k TpeTbed rpynne (mosepx-
HOCTHO-aKTHBHbIE CpEJbl), 3aKOHOMEPHO CHHKAIOT npejes BBIHOCJHBOCTH
CTaji, NpHYeM 3TO CHHXKEHHe 3aBHCHT OT BMA4 CTalH H OT MOBEPXHOCTEH

Px

0

0 i 1 !
K27 200 g7 w00 00 600

Puc. 3. CroilkocTh XpoMHCTHX cramell x a1 COpPGUHOH-
HOH H KODPOSHOHHOH yCTaJOCTH B 33aBHCHMOCTH OT
TBEDJOCTH.

aKTHBHOCTH Cpelbl. MuHepasibHOe HEAKTHBHIHPOBAHHOE CMa30YHOe MacJyo
HC3HAUHTEJIDHO CHHXKACT Mpejesl YCTaJIOCTH (OT 3 110 8%); pactureabnoe
CMA304HOE Macjo, KaKk 6ojlee OBEPXHOCTHO-aKTHBHOE, CHH3MIIO npenes ycra-
J0CTH Ha 16%. AKTHBAUHSA Macja XXKUDHBIMH KHCJOTAMH [IPHBOJHUT K CHHXKe-
HHIO IIpefea ycrajgoctd 10 20%. ITo CHHKeHHe NMPOHCXOAMT B OCHOBHOM
NMOA BJIHSIHHEM (H3HYECKOH aaCcOpOLHMH, XOTS XeMOCOPOUHOHHBIE MPOLECCh
B STOM Ciydae He HCK/oyeHbl. [IpH akTHBALMH HeHTPaNbHOrO Ba3eNHHOBOrG
Macaa LetHinoBbiM cnuptoM (CisHssOH) nonywaercs cpella aGCOJIIOTHO KOp-
PO3HOHHO-HEAKTHBHAS, BO3ACHCTBYIOINAS HA NHKIHYECKH HarpyKeHHyI0o
CTaJb TOJBKO BCJIEACTBHe (hU3HYECKOH amcopbumu. dra cpela Aaja CHHXKe-
HHE Tipefena ycranoctd u3 3—6%. KoHCHCTeHTHBIE CMasKH CHH3WIH npege
yeranocty cramu IIX-15 ua 5,59%. Xapakrepno, uro oTpaboTaHHOE MacJo
MC He wusmenusno cpoux TIOBEPXHOCTHO-aKTHBHBIX KaueCTB IOCIe paboThl
B IBHratesie, OKasaB TaKOe e BJHSHHE Ha [peaes yCTaJOCTH CTajiu 40X,
KaK H CBexee MacJo.

Kopposunonno-akrusnas cpega (AMCTHINHPOBAHHAS BOZa) [Oaja Agas
BCEX CTajlell 3HAYHMTENbHOE CHHKEHHe Mpefesa YCTaJOCTH, 3aBHCALIee OT
BpeMeHH NpebbiBaHUA MeTajlla B Cpefe MO. Harpysko# *.

Ha nuarpamme puc. 3 npencrasnens KDHBbI€, NOKA3bIBAIOIIHE BJHSHHE
Il v IIl rpynnm »XuAKux cpel Ha BHIHOCJHBOCTD CTanH B 3aBHCHMOCTH OT
TBepAoCcTH. Ha ocH opauHaT oT/ioxeHb BeJHYHHB KO3(pdHIHeHTa UHKINYe-
CKOH MPOYHOCTH CTAJH MPH BJHSHHH CPEIBl, 4 MO OCH abcuucec — TBEPHOCTH
UCIILITAHHOH cTanu. Hcnbtanus npoBouiuch B AKTHBHPOBAHHOM OJIEHHO-
BOH KucaiotoH Macie MC u B AHCTHJIHPOBAHHOH BOZe, OGOTalleHHOH KHCJIO-
poJoM Boaxyxa.

Kak BumHo u3 amarpammer puc. 3, cHuxenne npejenia ycrajocTH MO
BJIHIHHEM TOBEPXHOCTHO-aKTHBHOH CpeAbl He 3aBHCHT OT TBEPAOCTH CTaJlH,

* B TabiHue NpHBeleHH ZuHHBIE OAs YCJIOBHOrO npeae/la KOPPOSHOHHOH YCTAJIOCTH,
NOJTyueHHOro Ha Gase N = 20.10° uUK/OB HarpyKeHui.
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CHHXXEHHUe 2Ke I10[4 BJUAHHEM KOppO3HOHHO-aKTHBHOﬁ cpelbl TEM BHILIE, YeEM
TBEpPXKe CTaJb. 3aBUCHMOCTb CHMJKEHHSI BBIHOCJIHBOCTH CTaJjii OT e€e TBED-
JOCTH NoJ BJIHAHHEM KOppOSHOHHOﬁ Cpeabl [I0X0Xa Ha 3aBHCHUMOCTb CHHXKE-

p% HASl BBIHOCJHBOCTH CTaJH
P OA BJIMSIHHEM KOHILEHTPa-
I TOPOB HATPSIKEHHS.
& —_ T— Ha puc. 4 mnpuBeneHa
| —omomom M+ 2% C,33COOH N JAMarpaMMa,  [OKasbiBalo-
60 —xxr=he0 / 1asg OTHOCHTEJNbHYIO HOTe-
o I PI0  BBIHOCJIHBOCTH  CTaJjH
o 40X moj BJHSIHHEM pasJHy-
l . HBIX Cpel B 3aBHCHMOCTH
OT TepMooOpabOTKH CTaJjlH.
o — = — ., Juarpamma  [OKa3biBaer,

MAPMEHCT7 mI00CIIm CO’7§U/77 EPITT ('17(’/0,!71//7;5 qTO, TePMOOépa6OTKa CTaJIH

T =7 =7 i 40X mpakTHYECKH He Mo-

Zemeparmypa omaycra °C BJHSNA Ha CHHUXKEHHE BbI-

Puc. 4. CrofikocTs crang 40X x ancopGUHOHHOM HOCJUBOCTH MPH  BO3Jel-

H KOppO3HOHHOH yCJgélg;;IgogKiaBHCHMOCTH OT TEep- CTBUH HOBerHOCTHO-aKTHB-

HOH cpelbl; NPH BO3MEH-

CTBUH K€ KOPPO3HOHHO-AaKTHBHEIX Cpel BJHSHHE TePMOOOPaGOTKH 3HAUH-
TeJIBHO.

XapakTepHO, 4TO B IOCJIEHEM Cjlydae BeJHYHHA [OT€pH BBIHOCIHBOCTH
He comiacyeTcs C TOTepeli Beca MO BJMSHMEM KOPPO3HOHHOW CDE.bl, 4TO
BHIHO H3 pHC. D, Ille TNpuBeleHa AuarpamMma MNOTepH B Bece 3BTEKTOH/HOH
CTaly pasu4HOH CTPYKTYDHI,
3aumcTBoBanHast y . B. Axu-
MoBa [27].

[MpuBeneHHbIe JHATPAMMBI
MO3BOJISIIOT MPEITOJOXKHTD, YTO
(hakTOp CHHXKEHHS BbIHOCJIH-
BOCTH B MOBEPXHOCTHO-aKTHB-
HBIX cpenax (aacopOUHOHHO-
packaunruBatoumit adpdexr Pe-
6uHjepa) neficTByeT B MHKPO-
o6bemMax, MEHBIIHX pasMepa
3epHa, B CHJIy 4ero He 3aBH- 700 200 300 w0 S00 600 700 800 90

memnepamypa ormnyCcraC

CHT OT CTPYKTYPbI CTaJH. DU ITROaCum  COpOLT eI = QERPUTT
®akTop CHHXKEHHSI BBI-  pyc. 5 [loteps B sece cram (09% C) B Kop-

HOCJIHBOCTH B KOPPO3HOHHO- PO3UOHHOH cpele B 3aBHCHMOCTH OT TepMmo-

arpecCHBHBIX Cpefax 3aBHCHT 06paGOTKH.

OT CTPYKTYPHI CTaju H, Ode-

BHIHO, JEACTBYeT B MHKPOOObeMax, GONbIINX pa3Mepa 3epHa. ATOT PakTop,

KaK IIOKa3blBaeT CpPaBHEHHe AWarpaMm pHC. 4 M 5, He 3aBHCHT OT OOuleH

KOppO3HH, MpoTeKaionell B cpeje.

BrickazaHHble COOOpa)KeHHs TO3BOJIAIOT MNpelnoJiaraTb, YTo IOBEPXHO-
CTHO-aKTHBHBIE CPeJibl BJHSIOT Ha HAaNDSIXKEHHS BTOPOTO H TPeTbero poaa,
B TO BpeMsI KaK KOPPO3HOHHO-aKTHBHbIE€ OKAa3bIBAIOT BJIMSHHE Ha Hampsixke-
HMSL TIEPBOrO poja.

florneps 8 gece
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HMHCTUTYT CTPOUTEJIbHOY MEXAHHUKW AKAJEMHWU HAYK YCCP
1953 CBOPHUK TPY OB Ne 18

HCCJIEAOBAHHE NMPOYHOCTH CTAJIbHBIX KOHCTPYKLLUH,
PAGOTAIOLWIUX NMPHU HEPErYJSIPHBIX NEPEMEHHbIX HAIPY3KAX

I'. B. KopHees

B cratbe Hanaraerca pa3paboTaHHAs aBTOPOM METOJHKa 3KCIEPHMEHTaJbHOTO HccJe-
JIOBAaHMSI TPOUYHCCTH 3JIEMEHTOB CTAJBHBIX KOHCTPYKUHMIT, paGOTAlOWHX MpPH HeperyJspHuIX
HEepeMeHHBIX HArpyskax, MO3BOJIIOWAasd 3HAYUTEJNbHO WIKPE, 4eM 3TO MPOBOLMTCH B HACTOS-

mee BpeMsi, H3yYaThb NPOYHOCTb H MOJIFOBEYHOCTb KOHCTPYKUMH. B YaCTHOCTH PAacCMOTPEHH
CHEAYIOIUME BONPOCH:

1. YcioBusi nepexoia OT XapakTEPHCTHK MNPOYHOCTH MeTAlJa K XapakKTePUCTHKaM
APOYHOCTH 3JIEMEHTOB KOHCTDYKLUHA.

2. KonTtakTHble NpuUGOpLI, CKOHCTPYHDOBAaHHBIE aBTOPOM, NS PErHCTPAUHH YHCED NO-
BTOPEHHsl T[ePEeMeHHbIX HaNpsXKeHHH H AaMIUVIMTYA HanpsKeHHii B 3JeMeHTaX CTaJbHbIX
KOHCTPYKUHMH BO BpeMs HX 3KCIJyaTalHH.

3. MeTonHka OLIEHKH NpOYHOCTH H AOJIMOBEUYHOCTH 3JIEMEHTOB KO‘HCprKU.Hi:l no naH-
HBIM 3KCIIJIYaTallHOHHBIX HCNHTaHHH.

BeepeHue

Poct TexHuueckoro nporpecca Hauel COLMAJUCTHYECKOH POJAHMHBI Tpe-
GyeT COBEpUIEHCTBOBAHUSI MAIUWH H COOPYKEHHH, YTOUHEHHSI 3alacoB Ipou-
HOCTH W Pa3BUTHsI METOXOB pacyera. B 3TOM HanpaBJieHHH BeAyT TBOPYECKYIO
pa6oTy MHOTHE yueHble, HHXKeHephl U TepejoBble paboune. Ho Hecmorpst Ha
BCE HOBble M HOBBIE MOCTH}KEHHMsI B MeTOAAx pacueTa H MNPOEKTHPOBAHHS,
BOIPOCHl O BEJIHYMHAX PaCUETHBIX HArpy3ok H KO3 GHIHEHTOB 3amaca npou-
HOCTH pa3paboTaHbl HEJOCTATOUHO.

KoHcTpykuug mnpu BBOJE HX B CTPOH [OCJE€ H3rOTOBJEHHS HJH DEKOH-
CTPYKUHH PEAKO NPOBEPSIIOTCS Ha NPOYHOCTb IOJ [AeHCTBHEM 3KCITyaTallHOH-
HBJX Harpy3ok. MHoriie M3 HMX paGoTaloT BIIOJHE HAJEXKHO, HEKOTOpble Ke
yepe3 HeNpOMO/LKHTENbHBI MEePHOJ IKCIIyaTallHd BBIXOASAT M3 CTPOS.

He wucnbiTaB KOHCTPYKUHMIO B YCJOBHAX ee CayxObl, T. €. MPH CaMbIX
pasHoOOpa3HbIX PEXWMAax HarpyyKeHHsl, HeJb3s CKa3aTbh, HAaCKOJIbKO OHa
npoyHa W jgoaroBeyHa. He comocraBuB JaHHBIE pacueTa ¢ AaHHBIMH HCIbI-
TAHMH, HEJNb3sl OIEHHTb MPABUJIBLHOCTL PACYETHBIX METO/OB.

MHorge MallMHB M COOPYXKEHHs] HaXOAATCs MO [AeHCTBHEM HEepaBHO-
MEepHbIX TIEPEMEHHBIX HarpysoK, BhI3bIBAIOHIMX B HX 3JEMEHTaX CaMble pa3Ho-
obpasubie nepeMeHHble HanpskeHus. HepaBHOMEpHOCTb B HArpyKeHHsX
XapakTepHa JJis TAKHX KOHCTPYKIMH, KaK NOJABEMHbIE KpaHbl, TPAHCIOPTEPHI,
3KCKaBaTOpbl, MOCTbl, KopaGaun u np. Kak Beluka HepaBHOMEDHOCTb AeH-
CTBYIOIIMX CHJI U MO KAKHM 3aKOHAM B PEaJbHbIX yCJIOBHSIX 3KCIUTyaTalUH
H2MEHSIOTCS HATPyXKEHHs B 3IJeMeHTaX MHOTHX CYIUECTBVIOWIHX KOHCTPVK-
umit, gocrosepHo He u3BecTHO. CIUIOWIb M PSIAOM HArpy3KH HOCST HEYCTaHO-
BHBILUKHCSA XapakTep C BO3MOMKHBIMHM YaCThIMH WJIH PEIKUMH I[I€perpy3KaMH.
daxTHYECKHE HArPYKEeHHsI KOHCTPYKIME CTOMb PasHOOOpa3Hbl, YTO He BCeraa
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NpH NPOEKTHPOBAHUH MOKHO NpeJABHJETh Haubosiee ONACHbE CJIyYyad H3 HHX,
MO3TOMY COBEPLIEHHO OYEBHM/HO, UTO CYIUECTBYIOT PAaCXOXAEHHA pPaCYeTHBIX
JAQHHBIX C JEHCTBHTEJbHBIMH, MNDUBOAAIHME JHOO K 3aBBILIEHHOMY 3amacy
APOYHOCTH H YBEJIHYEHHOMY pacxXoAdy MaTepHatoB, JHGO0 K [OHHMKEHHIO
NPOYHOCTH H TIPEXKAEBPEMEHHOMY BbIXOJY KOHCTPYKUHH H3 CTpOS.

Pacuer CTajbHbIX KOHCTPYKIHMH, TOABEPXKEHHbIX [EPEMEHHBIM Harpyxe-
HHSM, 4YacTO BEHETCsl MO CTATHYECKUM Harpy3kaM, H 3TO HECOOTBETCTBUE
CTPEMATCsl HCOPABUTh NMyTeM YMHOXEHHS CTATHUECKOH Harpyskd Ha KosbhgH-
UHEHTH], BEJIMYMHBl KOTODbIX He BCErJa TOYHO H3BECTHHI

Ilepemennble HanpsiKenusi, AeHCTBYIOIIHE B 3JEMEHTaX KOHCTPYKIHI,
WHOTJa CPaBHHUBAIOT C YCTAJIOCTHBIMH XapaKTeDHCTHKaMH MartepHaja, npeHe-
Gperasi (hakTOpaMH pasjHUYMsi MeXAy 3/1eMeHTOM KOHCTPYKUMH H Jabopa-
TOpHBIM OOpPA3LOM: KOHLEHTpalUHel HanpsuKeHuH, YHCTOTOH 06paGoTKH,
RJHSIHHEM KODPO3HH U HECOOTReTCTBHEM pa3mepoB JaGopaTopHoro o6pasia
H 3JIEMEHTa KOHCTPYKUHMH (T. €. MacwTaGHbIM (akTopoM).

OTH (PaKTOPBl MOYTH HE BJMAIOT HA XaPAKTEPHCTHKH CTATHUYECKOH MpOu-
HOCTH, HO CHJIbHO BJIHSIOT Ha MPOYHOCTb IIPH IE€DPEMEHHBIX HarpyXKeHHsX,
H eCJIM B 3JIeMeHTe KOHCTPYKUHH OyAyT AeHCTBOBaTb HANpSDKEHHsS, He Mpe-
BHIIAIOUIHE TMIPEIeJ YIPYrOCTH, HO NPEBHIIAIONIHE MpeJeN YCTaJOCTH,
M YHuCla HX MOBTOPEHHH OyayT OoJibllle NpPeReJbHBIX, TO 3TH HANpPSIXKEHHs
MOTYT BhHI3BaTb YCTaJIOCTHBIE pa3pylLIeHHSI.

Ycaosus nepexoaa OT XapakTEPHCTHK MNPOYHOCTH MeraJdJja
K XapaKTEePHCTHKAM IIPOYHOCTH 3JIEMEHTOB KOHCprKuHﬁ

MHoroxpaTHoe H3MEHEHHe HaNpPsiKeHHH, NPEeBbIIAIOLIUX HEKOTOPLIH mpe-
Ziesl, BbI3bIBA€T B MarTepHajie sIBJIEHHs NPOrPeCCHBHOTO paspylleHHsi, Ha3hl-
BRaeMble yCTaJOCTbIO MaTepHaJa.

3aBHCHMOCTb MEXJAY Npee/bHBIMH HANPSIKEHHSIMH M YHCIAaMH LHKJIOB
HX TOBTOPEHHH [0 pa3pylleHHs MaTepuHala XapaKTepHU3yercs YCTaJOCTHOMH
kpuBoi. Hu onHO Hanpsikenue, Bbixofsiuee 3a Tpejebl 3TOH KPHBOH, He
MOZKET MOBTOPUTLCS GoJibllle NpefeNbHOr0 YHCJIa pas.

Henorpysounbie HanpsizkeHHsi OGBIYHO YBEJHUYHBAIOT YCTAJOCTHYIO TpPOY-
HOCTb CTaJi¥, HO IIPH HX MaJblX BEJHYHHAX, MEHBIIHX HEKOTOPHIX 3HAYEHHH,
Ha3blBaeMbIX ,KPUTHYECKHMH, YIIPOYHEHHE HE IPOHCXOMIMT. '

Ileperpysounele HamnpsixKeHHst HHOLAA YNPOUHSIOT CTajb, HO 4Yalle pas-
YIPOYHAIOT. JTO 3aBHCHT OT HX BEJHYHH M YHCEJ [OBTOPEHHH.

BrisicHeHHe BJIHSHHA COBMECTHOrO NEHCTBHSI IEPErpy3sok H HEJOTPY30K
Ha JI0JIFOBEYHOCTb CTaNu SIBJSIETCST BeCbMa BaKHOH 3ajaded, Tak Kak
MHOTH€ KOHCTPYKIHHM paboTaloT IpPH HEperyJsipHOM peXuMe H3MeHeHHS
HanpsiXKeHui.

HcnbiTanus Ha J0/TOBEYHOCTH CTaJbHBIX OOPA3LOB MPH MHOTOKPAaTHBIX
YCpPEe/IOBAHHUSAX NEPErpy3s0OUHbIX HANpsIKEHHH npousBoauaucs B. M. Baxa-
peBbiM *. McnbiTanus nokasalu, 4TO NMOCAEIOBATENbHOCTb AeHCTBHS Neperpy-
30YHBIX HANPSI)KEHHH Pa3HOH BeJHYHHBI NPH GOJIBIIOM 4YHCJE YepeloBaHHE
nepecTaeT 3aMeTHO BJIUSATb HA WU3MEHEHHE MOJITOBEUHOCTH.

C. B. Cepencen™* npuxoauT K BBIBOLY, YTO NpPH AEHCTBHH Ieperpysou-
HbiX HAaNpsiKeHWH, BLISBIBAOIIMX MHOTOCTYNEHYATOE H3MEHEHHEe BeJIHUMHBI
AMIUTUTYbl, YCJIOBHE JIOJTOBEUHOCTH MOXKET ObIThb BbIPAXKEHO TaK:

ﬂ_{_N’ &_{...._’__Ai:l (1)
Ny . Ny Ny ’
rige Ny Ny + Ny ...+ N, — ofliee 4YuCIO LHKJIOB Ieperpy3ouHbIX
HanpsKeHUH 3a Becb MNpOLecC IepeMeH-
HOTO HAarpy:KeHHsl 1O pa3pyLIeHHUs;

* B. M. Baxapes, O6 yromadeMocTH cTajeffi NPH NOBTOPHHIX Neperpyskax, Tpyme
LTHAM, Ne Ol, 1945.

** C.B. Cepencen, O6 oOleHKe IOJrOBEUHOCTH NPH H3IMEHAIOWEACS aMIAMTYOe
fiepeMeHHBX HanpsixKeHud, ,BecTHHk MammHocTpoeHus, Ne 7—8, 1944.
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Ny, Ny, Ny,..., N/ — LMKJIH4YeCcKHe J[OJICOBEYHOCTH I[IpH Iepe-
TPY30YHBIX HAlIPSIXKEHUSIX Oy, 02, O3, ..., Of
(COOTBETCTBEHHO HHIEKCAM).

B npakTaxe 3KCIIyaTalMd MallHH H COODYXKEHHH HMEIOT MECTO Mepe-
MekKalolKecss MHOTOCTYNeHYaThle Harpy3kH C OOJIbILMM YHCJIOM HX 4Yepejo-
BaHud. B cBA3M ¢ 3THM npu neperpysoyHblX HanpsiKeHHsix ypasHenue (1)
NO3BOJISET ONPEAeNHTb JOJTOBEYHOCTb 3JIEMEHTOB KOHCTPYKLHH.

Kpome ykasanHoro, HeoGX0AUMO OTMETHTb, YTO pas3pylUeHHe IPH mHepe-
MEHHBIX Harpyskax IIOYTH BCerja HaYMHAETCsl B MeCTaxX KOHLEHTpAlHH Ha-
NpsKEHHH; TaKUMH MeCTaMH SBJSIOTCS De3KHe H3MEHEHHs] CceueHHH, OTBep-
CTHsI, HEPOBHOCTH MOBEPXHOCTEH, lapanuHbl, BMATHHB U np. KoHueHrpauus
HaNpPs)KEHUH MOXKET BO3HMKHYTb TaKXe W IIPH HAJHYHM BHYTDEHHEH HEOIHO-
POAHOCTH MeTasla (LIJAKOBLIX BKJIOUEHHH, Ny3blped, BHYTPEHHHX Tpe-
IIUH ¥ 1p.).

BiusinMe KOHLEHTpaLuM HanpsiKeHWH# Xxapakrepusyercsi 3QQeKTHBHBIM
KO3(D(pUIUEeHTOM KOHLIEHTPalHH HanpsKeHHH, YCTAHABJIHBAEMBIM OOLIUHO
IKCHepUMEHTaNbHbIM NyTeM. 3HaueHHusi 3THX KO3(p(GHUIHEHTOB MOXKHO HaHTH
B Tpynax C. B. Cepencena, M. A. Opunura, I'. B. ¥Yxuka, U. B. [logsosoBa
H Ap., a TakXe B CNPAaBOYHUKAX H B JIUCTKAX AJs1 KOHCTPYKTOpa, IeuaTae-
MEIX B XypHaJse ,BecTHuk MmammuocTpoenus®.

DNeMeHThl KOHCTPYKLHE OOBIYHO BBEIIOJNHSIIOTCS U3 [POKATHOH CTaju
B COCTOSIHMH IIOCTaBKH, T. €. NOBEPXHOCTb MX NOCJe mpokara He o6pabaThbl-
Baercsi. [loBepXHOCTHBIH CJIOH 3JleMeHTa KOHCTPYKLUHH sBJgercs HauGojee
HANPS)KEHHBIM U OH B OCHOBHOM OIpeZessieT YCTaJOCTHYR IPOYHOCTh IPH
NMepeMEeHHbIX Harpys3kax. PHCKH M LlapanuHbl, HMEIOLIHECsi Ha IOBEPXHOCTH
3J1eMeHTa KOHCTPYKUHH, JeHCTBYIOT KaK Hajpe3bl, OKOJO KOTOPLIX KOHIEH-
TPHPYIOTCSl HaNpSUKEHHUs,, CHIXKAIOLIHEe NPOYHOCTb. Msirkye yryepoaucTbie
CTajH MeHee YYBCTBHTEJbHBl K I[IOBEDXHOCTHBIM NOBpEXAEHHSIM IO CpaBHe-
HHIO C BBICOKOYIVIEDOZHUCTHIMH M JIETHPOBAHHBIMH.

Biusinne COCTOSIHMSI NOBEPXHOCTH HA CONPOTHUBJEHHE YCTaJIOCTH CcTaJeil,
HMEIOIUX pasIMyHOe BPEMEHHOE COIMPOTHBJEHHE, XapaKTepuayeTcs Auarpam-
Mawmi, npueenenHeiMu B Tpynax C. B. Cepencena *, A. M. Camoxouxoro **,
a TakxXKe B JIMCTKax [Js1 KOHCTPYKTOpa.

Ha ycranocTHyio NpOYHOCTb CTajld BJMSIET TaKKe M MaciuTabHbli (ak-
Top. BepositHoCTh HasMuMst omacHbIX AedEKTOB B KPYNHBIX [JETajsiX 3HAYH-
TeJIbHO 6OJIbIE, YEM B MEJIKHX.

BiusHHe a6COJIOTHEIX pa3MepoB OLEHHBaercsl KO3((HUIMEHTOM, KOTO-
pHIfl ompenessieTcsl MYyTEM UEJOrO Psifa HCIBbITAHHH HA YCTAJOCTh Pa3JUUHBIX
no BejuyHHe JaGopaToOpHBIX 06Gpa3unoB. B sHIUKIONEAHYECKOM CIPaBOYHHKE
»MallluHocTpoeHne” mnpHBeeHbl IMarpaMMbBl  [JsI  yyera MaclITaGHOro
¢akTopa.

Heo6xonuMo Takke yyecTb BJMSIHHE KODPO3HH Ha YCTAJOCTHYIO NpOU-
HOCTb CTaJ¥, TaK KaK B CTaJbHBIX KOHCTPYKUHSIX, paGoTawlluX NpH nepe-
MEHHbIX Harpy3Kax, yCTAJOCTHBIE TPELIHHBl B YCJIOBHSX KOPPO3HOHHOH Cpexbl
BO3HHUKAIOT H Pa3BUBAIOTCS BecbMa HHTEHCHBHO, CHHXKAs THM J0JIOBEYHOCTb
MeraJsia.

CHIKEHHe Mpefesia yCTAJOCTH OT KOPPO3HH MOXKHO YYHTBIBATH MO JAHA-
rpaMmam, npusefieHunM B Tpynax C. B. CepeHceHa u np.

[Mpunumasti BoO BHHMaHHe AKTOPbl pPAas3iHuHs MeXIy JabopaTOpHEIM
06pasioM H 9JieMEHTOM KOHCTPYKIHMH, ONpPEeAeJHM Mpejes yCTaJoCTH IOociel-
HEro, NOJb3YsChb CJEeAYIOUIHM YpaBHEHHEM:

(6—1)x=¢0,0:0,0_,, (2)
rae (o_;) — TpeneN YCTJIOCTH 3JeMeHTa KOHCTPYKIHH;
0_, — Tpele] yCTaJocTH MOJHPOBAHHOTO Jabopatopuoro o6pasua

(u3 Toro e Martepuasa, YTO H 3JEMEHT KOHCTPYKUHH);

* epencew, IlpounocTs MeTasa u pacuer netadeit mamus, OHTH, 1937.

C.B.C
** AU CaMOXOuKHiH, YCTANOCTh YEPHBIX H IBETHHIX MeTajnoB, O6opourus, 1940.
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¢ — KO3(Q(HLHEHT ydyeTa MaciuTaGHOTo (hakropa;

01 -— KO3 {HULHEHT yueTa KOHLEHTPALUH HanpsiKeHHH;

d2 — KO3((HUHEHT yyeTa UHCTOTHI TIOBEPXHOCTH;

05 — KOS(pOHIHEHT yyeTa KOPPO3HH.
Hast yno6erBa najibHELIEro U3IoKeHHs 06O3HAUHM IIPOU3BEAECHHUSI ITHX

Ko3(p¢uuuentos Gyksoit K, T. e. K = £8,850;. Toraa
(0_1)k=K(T_1. (3)

[Ipu acuMMeTpHUHBIX WHMKIAX 3TH (GaKTOpEl 3HAYMTENBHO BIJIHSIOT Ha

aMIIATY/ly HANDSIKEHHS M OueHb HE3HAYHTEJbHO HA MOCTOSHHYIO COCTABJISIO-
wyio (Ha CpelHee HanpsiKeHHe LHKiA), a N03TOMY:

(Ga)x = Koy; (4)
(0cp)x = 0cp; (4)
(O'uaxc)x = (Ga)x + Ocp, (5)
re  (Owaxe)x — MAKCHMAJbHO® YCTAJOCTHOE HanpsikeHHe JJIs  3JeMeHTa
KOHCTDYKLHUH;
(0a)x — ammunTysa HanpsuKenmii Toro e LHKa;
(6cp) — cpelHee HaNpsIKEHHE TOTO Ke HHKJA.

KonrakTHble npuGopbl aas HccaeqoBaHus MOBTOPSIEMOCTH HaNpPsXKeHHH
B METANJIHYECKHX KOHCTPYKUHSAX

B Hacrosiee Bpemsi npu uccse0BaHUH PEKHUMOB H3MEHEeHHS Halpsixke-
HHil B /IeMEHTaX KOHCTPYKIMI NPHMEHSIOTCS npuGOpLI, 3aNHCHIBAIONIHE KPH-
Bble M3MEHEHHsI HaNpSKeHHH BO BPEMEHH ~— TEH30TPaMMBbL, KOTOpBHIE Ha-
TJISIAHO XapaKTeDH3YIOT pEXHMBI H3Me-
HeHust Hanpsikenuit. Ho cymecrsyiomue
NpHGOPLl He BCerga MOTyT OGeCleuHTh

+h,

AJIUTebHbIe, HEOOXOMUMEIE INpH HCCJIen0- -£,
BaHHH HEperyJsipHBIX PEXKHMOB H3MeHe- +E
HHUS HalpsXKeHHH HCMBITAHUA, K TOMY XKe I [4

06pa6oTKa NaHHBIX, MOJYYEHHBIX [1O-
CPeACTBOM 3THX MNPHOOPOB, BeCbMa YTO-
MHTeJbHA M TPOMO3JKA.

JKenast co3nath 60JBIIYIO BO3MOXK- i
HOCTb [Jisl UIMPOKOrO HCCJIENOBAHHS, Mbl
CKOHCTPYHPOBalH  NPHOGOPHI-aBTOMATHI, A
perucTpupyroilye uhcia MOBTOPEHUS Ile-
. PEMEHHBIX HANPsIKeHHH W aMIUIMTYZL Ha-
NpSKEeHUH, IeHCTBYIOIKX B HCCIeAyeMbIX
sqdeMentax koHcTpykuuu: C3H — cuer-
YHK 3aJaHHbIX Hanpsikenuii, C3A —
CYCTYHK 3a/laHHBIX AMIUIHTY] HalpsiKe-
nuit u K-C3H-C3A — kom6unupopan-
HBI CYETYHK 3aJaHHBIX HANpPSIKEHHH U
aMIIATY HanpsiKeHui.

ITH NpHGOPHI ABTOMATHYECKH OTCYH- Puc. 1.
ThIBAIOT YHCJIa NOBTOPEHHSI IepeMeHHBIX
HanpsKeHHH, 3apaHee YCTaHOBJIEHHBIX 10 KJI4accaM BeJHYHH, OHH COBMELLAIOT
TTPOLECC MCMBITAHUA C JAJNBHEHIIMM [POLECCOM O6PaGOTKH IMOJyYeHHBIX NaH-
HBIX W GNarofapsi 3TOMY JalOT BO3MOXKHOCTb OXBAaTHTb B GOJIbIIeil Mepe
PasHOOGpa3Ke SKCILyaTaUHOHHBIX HArpy3ok. KOHCTPYKUMS TaHHEIX NPHOOPOB
MO3BOJIAICT B J1I060€ BPeMsl HCIHBITAHMSI CHSTb NOKA3AHHS CO CUCTUHKOB M MO
HUM CyIATb O NPOYHOCTHOM COCTOSIHHH MCHBITYEMOTO 3JIEMEHTa KOHCTPYKIMH
B NaHHbli MOMeHT. Jlisi mpu6opa-aBToMara HaMu G6bula BeIGpaHa Cxema,
npeacTapjeHHast Ha puc. 1.

[lpunumun neficTBusi npuopa 3aKmIOUaeTcss B TOM, UTO ¢ HCHBITYEMBIM

K
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BOJIOKHOM, Ha NOBEPXHOCTH 3JeMeHTa KOHCTPYKLHHM, CBSI3aHa 3JIeKTPHUYeCKas
KoHTakTHasi napa KKy, NpH 3aMblKaHHH KOTOpDOH JOJIIKEeH cpaboTaTb CYETYHK
¥MIOyabcoB C, MHTaeMblil OT HCTOYHHKA MOCTOSHHOTO TOKA (B ciyyae paboThl
npu6opa Ha NepeMeHHOM TCKe NMPHMeHsIeTCsl BBRIIPAMHTeNb). [as ycTpaHeHus
[iPOH3BOJIbHBIX OTCYETOB, KOTOPble MOTYT BO3HHKHYTb IPH BHOpaUHsX, B AaT-
YHK BBEIEH [OMNOJHUTENbHO KOHTAKT NOArOTOBKH K,. DTOT KOHTAKT BKJIOYEH

Puc. 2. Puc. 3.

B CETOUHYK Uenb Jamiibl JI,. Pojib 3TOH KOHTAKTHOH mapbl U peJe 3aKiio-
yaeTcsl B NOATOTOBKE CUETYHKA K OTcueTy. Be3 mpeaBapHTENbHOrO KOHTAKTa
3TOH Napbl He MOXKET IIPOH3ONTH OTCYET Ha CUETUMKE (BHE 32BHCHMOCTH OT
TOTO, CKOJIbKO 6bl pa3 He KOHTakTHpoBaju napel KKp). [Ipu 3aMblKaHuH
KORTakTOB KK, NpPOMCXOMMT BBIK/IIOUEHHE CUETUHKA, H TAKMM 00pasoMm cuer-
YHK MOATOTABJMBAETCS K OTCYeTy. 3a30pbl MexkAy KOHTaKTHBIMH NapaMH
XapaKTepH3YIOT BEJTHUYHHY AeOPMAlMH JeMEHTa KOHCTPYKUHMH Ha jJuHe .
KoHTaKTHble Tapbl pa3MelleHbl B TOJIOBKE [aTYMKa, KOTOPBIH KPENHTCs
K MCIIBITYEMOMY 3JIeMeHTy KOHCTPYKIHH;
CYETYHKH HMIYJbCOB BMOHTHPOBaHb B
OTJIe/IbHOE YCTPOHCTBO, Ha3BaHHOE peru-

_
Oy

G CTPUPYIOIIMUM TyJabTOM. JlaT4HK COeH-

HSAETCSl C PETHCTPUPYIOLUIUM ITyJIbTOM THOG-

& KOH  3JIeKTPONPOBOAKOH, MO3BOJSIOILEH

& ot G | (pe G | Mo G| Mo G, MIOMECTHTb I1yJIbT B yJI06HOM mjisi Habuio-
g ‘ : ' Jlaresisi MecTe.

e e A Al el Al [IpuGop-aBromar MoxeT palorartb

npu nepementoM (127 8) H TpH MOCTOSIH-
HoMm Toke (110 uaum 220 8).

Ha puc. 2 nokasaH matduk npubopa,
yCTaHaBJIUBaeMblll Ha HCHBLITYEMOM 3JeMeHTe KOHCTpyKuuH. Ha puc. 3 no-
Ka3aH DeruCTpHpPYIOWHMI MyJabT npubopa.

[TpoGHoe omucaHne MPHGOPOB-aBTOMATOB IPHUBEAEHO B APYrod HalleH
cTaThe®.

Ha ocHoBanuu nanubiX, NMOJYUEHHBIX MyTeM perucTpalldH YHCEJ IOBTO-
penus nanpsukenus: npuGopamu C3H, C3A u K-C3H-C3A, MOXKHO NOCTPOHTH
rpa(HKH CTATUCTHYECKOH YaCTOTHl HAMPSXKEHHH 38 CPOK MCITHITAHHS KOHCTPYK-
LMY M 3KCTPANOJHPOBaTh 4YHCJIa [OBTOPEHUS HanpsieHHH Ha Jo6o# CpoK
ee cayxGol (puc. 4).

O1u rpadHK¥ MO3BOJSIIOT CTATHCTHYECKH XapPaKTePH30BATL PEKUMBI H3-
MEHEHHS HalpsiKeHHH B MCIBITYEMBIX 3JIEMEHTaX KOHCTPYKIHH, NOCJEe Yero
MOXHO NepedTH K OHEeHKEe ITPOYHOCTH H JOJIOBEYHOCTH MOCJHEXHHX.

Puc. 4.

*T.B. Kopuees, KourakTunie npuGOpH [/ HCCAENOBAHHS MOBTOPAEMOCTH Ha-
NpAXKEHHH B MeTa/JHYeCKHX KOHCTPYyKuHsx, HMupopMaunoHrele MarepHanad HMn-ta cTpou-
renpnoii Mexanuku AH VCCP, Ne 4, 1949.
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OueHka NPOYHOCTH H JOJrOBEYHOCTH 3JEMEHTOB KOHCprKuHﬁ

Ilns OneHKH NPOYHOCTH H NOJTOBEYHOCTH 3JE€MEHTOB KOHCTPYKLHH Hefo-
CTaTOYHO 3HATL TOJILKO JEHCTBYIOWIHE HANPAMKEHHS H YHCJA HX MOBTOPEHHIl
34 TOT WJIH HHOH CPOK CJyXObl, HaJO 3HATb €lie H MpejesibHble XapaKTepH-
CTHKH HX NPOYHOCTH H JOJITOBEYHOCTH.

[Tosp3ysich cxeMaTH3HPOBAHHOM QHArPaMMON NpeeNbHBIX HanpspKeHHH
Osaxe = f (6cp), TOCTPOGHHOH C HEKOTOPOH CTEMeHbI0 NPHOMHKEHHS 110
NPSIMOJIHHEHHOH 3aBHCHMOCTH MEXAY MaKCHMAJlbHEIMH M CDPENHHMH Hampsi-
HEHHSIMH, Bblpa)kaeM TNpele/ibHOe 3HAueHHe HAaNpsKeHUs  CJefyLUHM
YPaBHEHHEM:

Omaxc — 0y +Ucp tg 8, (6)

rae tg f — yraosolt kosdduuuent npsMoi, npoxoasuei yepe3 ABE TOUYKH
¢ koopauHataMu (o_;; 0) M (Omaxc, Ocp).

B smrepatype no naHHOMY BOMNpOCY BCTpeuaeTcss psil JIHHEHHBIX 3aBH-
CHMOCTeH, MOJYYeHHbIX MJIsi IJIafKUX J1aG0paTOPHBIX 06Pa3UOB; HEKOTOphIe
YaCTO BCTPEYAMOIIHECH U3 HHX MOXHO IIDH-
BECTH K CJIeAYIOIIEMY BHLY:

Opmaxe — 01 +0'cp (1 _lp)’ (7)
rae 1—w=tg8.
HaubBosmee O6a43K0H K JeHcTBHTENL-
HOCTH SBJ/SETCSl 3aBUCHMOCTD, IIPEJ/I0MeH-
Has C. B. Cepencerom *, npu xoTopotii

p= 2170 (8)

O,

YpaBueHHe JIMHEHHOH 3aBHCUMOCTH
MEX Y NpeJe/JbHBIMH HANDAXKEHUSAMY aCHM-
METPHYHOrO0 UHKJA [/ 3JeMeHTa KOH-
CTPYKIHH BHIDAXKaeTCs Tak:

Puc. 5.
el — —
O.I:III:KC K"—l”*'ﬁé’g”(l Ky), )
rae gyt — MakcHMajibHOe Npeje/bHOe HaNpsiKeHHe NPH aCHMMETPHUHOM
LHKJIE,
05" — CpelHee MpejleJlbHOE HAMNpsDKEHHe NPH TOM JKe LHKJE.
[Ipn6Gnuxennast auarpaMma npeaeabHbIX HanpsizKeHHH, IOCTpOeHHas Mo
9 20’_1*0‘0
3aBHCUMOCTH (9) npu  y= 5 » TNpeacTaBjeHa Ha pHC. 5.

0

3anac npoYHCCTH NPH aCHMMETPHYHOM LHKJE JIHHEHHOTO HAIpsKeHHOro
COCTOSIHHS €CTb OTHOLIEHHe MAaKCHMAaJbHOrO INPEAENbHOTO HAMPSIKEeHHs K Ma-
KCHMaJIbHOMY HAlNpsiKEHHUIO, JEHCTBYIOLIEMY B 3JeMEHTe KOHCTPYKIMH.

3ajnaueil HccilenoBaTeNss ABJISETCS ONpedeNeHHE NpeJeJbHOrO LMK,
C KOTOpbIM CJlefyeT CPaBHHBAaTb UMKJ, MAEHACTBYIOWIHH B 3Je€MeHTe KOH-
CTPYKLHH.

IIpenenbHplil MUK/ CleNyeT ONpeaessTb, HCXOAA H3 KOHKPETHDBIX YCJIOBHI
3arpyKeHHs KOHCTPYKIIHH.

1. Ilo amepukaHCKOMY METOAY HEOCHOBATEJbHO NPEAMNOJOKEHO, YTO BO
BCeX Cy4asiX yBEJHYEHHsS HArPy3KH UHMKJbl COXPAHSIIOTCS IOJOOHEIMH BIIOTh
A0 paspylueHHs

5 en
S8, _ 88 o Ouaxe _ Opibxe
08y 08’ 7 oi T g

cp

* C. B. Cepencen, Onpenenenne 3anaca NpOYHOCTH NPH pacyeTe jeTaneff MallMH,
»BECTHHK MamHHOCTpoeHHA®, Ne 6, 1943.
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B naunnoM caydae, nosabsysicb ypaBHeHHeM (9), MakcHMaJjbHOe Ipelelib-
HOE HalNpsi)KeHHe BbIPAa3HM TaK:

X
GMPSR = Ko_,Opaxe

MakKc O"; + K'//O'gp * (10)

2. B meronuke Kowmmurera mno peransm Mamud npd Cowse HeMeUKHX
HHXKEHEDOB TaKXe HEOCHOBATEJbHO IPEANOJOXKEHO, YTO BO BCeX CJAydYasx
YBEJHYEHHs1 HATPY3KH CpeJlHee HamnpsKeHHe UHWKJIAa SABJAETCH I[OCTOSIHHOM
BeJJMYHHOH

npel — 54 =
0Pt = oy, = const.

B JaHHOM Cilyuae MakCHMaJlbHOE Npe/eJbHOe HAMpSKEeHHe BhipamaeTcs
CnefyIolUM ypaBHEHHEM:
Oubke = Ko_y +0cp (1 — Kyp), (11)

3. B neficTBUTENBHOCTH MOXKET HMETh MECTO Pa3pyIIAIIHA UK, aMIJIH-
TVIa KOTOPOTO PaBHA aMIUIMTyJe NeHCTBYIOLIEro LHKJA; TaKHe LHKJbl Xapak-
TepHbl AJs pe3b0OBhIX jeTanelr (GoATHl, LWNHJIBKH) C [peABapHTeJbHOH

34TAXKOH
07" =0,=const,
IIPH 3TOM
—
goven — Ko=1 0 (1—Ky) (12)
MakKc K"/} ¢
4. lns KOHCTPYKUMH [ONBEMHO-TPAHCIOPTHbIX MALIHH XapaKTepHHI
LHHKJBl TIPU
Oy = Oyuw = const,
a (13)
2Ko_y + Oyun (1 —Kl//)
grhel — .
MakKc 1 +Kw

Kaxaplit H3 paccMOTpeHHBIX cIyyaeB (MpHBEJEHHBLIX Ha pHC. H) ABJsAETCA
YaCcTHBIM, a NO3TOMY 3ajaued MCCleloBaTeNs SBJSETCS H3yuyeHHE 3aBHCH-
MOCTH, CBfI3bIBAIOIlieH ABa HANPSIKEHUA: MaKCHMaJlbHOe Ipefle/ibHOe H MaKCH-
MaJIbHOE [AeHCTBylOIlee B JeTalJH HIM 3JeMeHTe KOHCTDYKUHMH. DTa 3aBHCH-
MOCTb sIBJsieTCA (DYHKLHEHR Harpysk.

3anac MpPOYHOCTH BhIpAXKaeTCs CJAENYIOUIUM ypaBHEHHEM:

o2
n= (14)

MaKc

HanGoabliee 3nauenue Oyaee He AOJIKHO NPEBBILIATb Npeles TEKy4ecTH,

TaK Kak JHarpaMMa IpeaeJbHbIX HaHpH}KEHHﬁ OrpaHHUYHUBAETCA MpeAeyIOM

TCKYUECTH; IIO3TOMY, €ClH Oyhye o> Op,  TO 3allac NPOYHOCTH OyAeT paBeH

(15)

O

A
OMZKC

n =

Ananusupys rpaduku CTaTHUCTHUYECKOH 4acTOThl HampsiKeHHH, AeHCTBYIO-
WX B 3JeMeHTaX KOHCTPYKLHII NpH HeperyJspHbIX Harpyskax, pacCMOTPHM
cjleqyiolide TPH CJydasi:

1) meficTBYIOT TOJNBKO MHOIOCTyIEHUYaTble HEAOrPYy30UHBIE HalpPSAXKEHHS,

2) HeHCTBYIOT TOJBKO MHOTOCTYNeHYaThle Ieperpy3ouHble HaNpsAXKeHHs;

3) HedCTBYIOT MHOTOCTYNEHYaTble HeJOTPY30uHble M Ieperpy3ouHdbie Ha-
IpsKEHHs.
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B nepsom cayuae Mbl npejsnaraem onpeieisTb HpejesibHble Hamnpsixke-
HHS LIS HCNIPITYEMOTO 3JIEMEHTA 10 HaHGOJIbLUEMY HeJOrPy30UHOMY Harmps-
KEHUIO, NOJb3yACh ISl ONpPEACNeHHs MaKCHMAJbHOIO MPEAEbHOTO HAmpsi-
AKEHUSL ONHHM H3 panee BbiBeleHHbIX ypasuemmit (10), (11), (12) uan (13),
TipH BBIGOPE KOTOPOr0 HEOOXOAHMO HCXOAHTb M3 KOHKDETHBIX YCJIOBHH 3arpy-
A EHHS KOHCTPYKUMH. B nannoM ciyyae 3amac mpousocTH onpejessieTcsi Io
ypaBHeHuo (14) wau (15).

Bo BTOpOM cuayyae, korma B saemente KOHCTPYKUHH REHCTBYIOT MHOTO-
CTYIIEHYATbIE IEPETpYy30UNble HANPsKEHHs (IPH 3TOM 3alac NPOYHOCTH MOJY-
Y2ETCsl MEHDbLIMM EIMHHMLEI), BOSHHKAET HEOOXOLMMOCTb ONMpeNeeHUst AOJTO-
BEYHOCTH KOHCTPYKUMH. He HckaiOueHa BO3MOMHOCTb TOTO, 4TO LEHCTBYIOIIHE
NEPErpy3OUHble HANPSIKEHHs, HMesi HEe3HAUMTeJbHOE UHCIO MNOBTODEHHH, He
GyAyT NPOM3BOAMTH ONACHOTO AJIsSI AOJTOBEYHOCTH KOHCTPYKIMH pasynpou-
HEHHs MaTepuasa M 3JeMeHTbl ee GyAyT AOCTAaTOUHO AOJIOBEUHH. B JaHHOM
Cilyqae HeoGXOAMMO OLEHHTb YMCJIO TIOBTODEHHE Meperpysok 3a CPOK CJyXKObI
KOHCTPYKUHH. [losb3ysick ypaBueHueM (1) m paHHBIMH HCOBITAHUH, MOJYYeH-
HBIMH OCPEACTBOM NPHGOPOB-aBTOMATOB (IpaMKaMH CTATHCTHYOCKOH YACTOTHI
HaNpsKEHHH), Mbl BBIBENH /IS ONpee]eHHs] JOATrOBEUHOCTI HCIIBITYEMBIX
5JIEMEHTOB KOHCTPYKUHMH CJliefylolilee ypaBHEHHE:

t

T=Fu N’ N7 (16)

e M B 4 2k

Nl, Nz, LRI NK'

rae T — J0JrOBEeYHOCTb KOHCTPYKLMH;
! — BpeMsi, Ha NPOTSKEHHH KOTOPOTO NMPOBOAHMIACH pers-

CTpalUusl YuCes MOBTOPEHHS HaMpsiKEeHHH;

N, Ny, ..., N"x — uncia uukios Ka#I0ro #3 neperpysouHblx Halpsizke-
HUE o1, 03, ..., 0k, 3APECHCTPHPOBAHHBIE 34 BpeMms £

B rtperbem ciyuae, xorma B sseMenTe KOHCTPYKLUHUH [EeHCTBYIOT MHOIO-
CTYNEHYATbIC NEPErpy30uHbIe M HEAOTPY30UHbIE HANPSXKEHHS U BHIUMC/IEHHBIE
O KaXX[OH CTYNEHH B OT/eJbHOCTH 3alachl [IPOYHOCTH OKA3bIBAIOTCS TO
OOJIbLIHMH €IMHHLbI, TO MEHbLIHMH €€, T. e. KOrua HEeKOTOpBIe H3 [elCTBYIO-
LUHX HANPSKEHHH SABJISIOTCS MEPerpy30uHbIMH, a HEKOTOPbIE — HeJ0rpysou-
HbIMH, MBI, IpeHebperas YINPOUHSIOUWHM (AKTOPOM HeIOTPY30UHBIX Hanps-
JKEHHUH, DEKOMeHAyeM OIpeaenaTh LOJIOBEYHOCTD KOHCTPYKIHH IO YpaB-
HeuHio (16).

Ha ocHoBammuu maioxkennoro mamu mpexnaraercs CJeqyIOUHH NOPSALOK
HCCICLOBARKS NPOUHOCTH KOHCTPYKUHH, paGoTaloMX NPH  HeperyJspHbIX
pexumMax Harpy:KeHus.

1. C nomourbio npu6opoB-aBTOMATOB 3aperucTpUpoBaTh YHCJA MOBTOpE-
HUSl HaNpSXKeHHH H aMILINTYJ HalpsiKeHHH 33 JOCTATOYHO AJIHTEJbHbIN CpOK
CyKObl KOHCTPYKUMH, OXBaTbIBAIOLIHi pasHooOpasHble 3KCIIYaTaLHOHHbBIE
Harpysku.

2. Jlanuble MCnbITaHui CBeCTH B TaGJHUbI, IO KOTOPBIM MOCTPOHTb T'pa-
(PMKH CTATHCTHYECKOH YaCTOTBI HANpsKEHHH 3a BPEMS HCTBITAHMH.

3. Onpeneants no oxsoMy u3 ypasuenuii (10), (I1), (12), (13) (B 3aBu-
CHMOCTH OT KOHKDETHBIX YCJIOBHH 3arDyKeHHS KOHCTPYKIHH) MaKCHMajbHbie
NPEAC/bHbIC HAMPSIAKEHHsT 1/ 3/71eMEHTA KOHCTPYKUMH (IO KaXKAoH CTyneHH
rpauka OTZEJBHO).

4. OnpejleuTb 3anac NMPOYHOCTH 3JEMEHTa KOHCTDYKLHMH: a) ecau mpe-
A€NLHOE HANPSKEHHe MeHbllle MpeieNa TeKyuecTH — [0 ypapHenuio (14);
6) ecan npejenbHoe HampsiKeHwe GOJblIe HJIH PABHO npeneny TeKyyecTH —
no ypasHenuwo (15).

5. Te nanpsxenys, 3anac NPOYHOCTH NpH KOTOPBIX MMOJIYUHJICS MEHbLIHM
€IMHHUUEBL, CUHTAIOTCS Neperpy3oyHbIMH. [[ONTOBEUHOCTL 3/eMeHTa KOHCTPYK-
LHH, B JaHHOM Cjyyae, Mbl PEKOMEHIYeM OmpenesaTh MO ypaBHehuio (16).
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BuiBoa bt

IMpumeHeHue pa3pabOTaHHOH HAMH METOJUKH 3KCIIEPUMEHTANbHOTO HCCJIe-
JOBAHHSI [{POUYHOCTH 3JEMEHTOB CTaJbHbIX KOHCTPYKLHH, paboTalo#X MpH
HeperyJ/sapHblX NEePEMEeHHbIX HarpyXeHHsX, NO3BOJIHT 3HAUUTEJIbHO LUHpE, YeM
3TO TPOBOLJUTCSl E HacTosliee BPeMsi, H3yuaTb IPOYHOCTb H JIOJIOBEYHOCTb
KOHCTpYKIHH. Brnarofapsi npemjo:KeHHOH HAMH METOJHKE CTAHOBHMTCS MpOoule
H caMO HCOBITaHHE, W 06pabOTKa IOJYYEHHBIX IPH HCIBITAHHH JaHHbIX.

HcnniTande 3/1eMEHTOB KOHCTPYKUMH Ha NIPOYHOCTh MO MpeajaraeMoH
HaMM MeTOJMKe IIpelycMaTpHBaeT NpHMeHeHHe NPHOOPOB-aBTOMATOB, O6Jja-
JlalOIllUX BecbMa LIEHHbIM CBOHCTBOM JAJIMHTE/IBHOIO aBTOMATHYECKOrO OTCYeTa
yhces MOBTOPEHHs MEePEMEHHBIX HalpSIKEHHA H aMIVIMTY[ HanpsikKeHud, 3a-
paHee YCTA4HOBJIEHHBIX IO KjaaccaM BeJHuuH. [IpH6OpLI-aBTOMAThl COBMEULAIOT
NpOLECC HCMBITaHHA C JaJbHEHLINM mpoueccoM o6paboTKH MaTepHaJoB
HCTILITAHHS.

CunraeM HeOGXOAMMBIM OTMETHTb, YTO [JA YyKa3aHHbIX HCCJeJOBaHHH
[IPOUHOCTH MOTYT CJYXKHTh He TOJDLKO CKOHCTPYHPOBauHble HAMU KOHTAaKTHbIE
npuOOpbI-aBTOMAThl, HO W NDHOODPHI, OCHOBAHHblE HA HHBIX 3JIEKTPOMEXaHHU-
YeCKHX HNPHHUHMAX.

HccnepoBanye MPOYHOCTH CTajbHBIX KOHCTPYKIHH IO mOpeAnaraeMol
HaMH MeTOAMKE IIO3BOJISIET OLEHHTb HaJH4He pa3HooOpasiblX NepeMeHHbIX
HArpy30K M, €cJid 3HAUeHHs] STHX Harpy3oK MaJbl O CPaBHEHMIO C MPejesib-
HBIMH, JaeT BO3MOJKHOCTb YBEeJHUYHTb HX, & €CJIH BEJHMKH — YMEHbIUHUTb.

OnpeneJieHde 3anacoB NPOYHOCTH CYLIECTBYIOUIMX KOHCTPYKUHH No AaH-
HBIM JJIMTEJbHON DErHCTPaluU YHuces [OBTOPCHHS HAaMpPSIKeHHH M[03BOJseT
OUEHUTh HAJEXKHOCTb 3JEMEHTOB CYILeCTBYIOLIMX KOHCTPYKIMH NpPH BO3MOX-
HBIX HeOJaronpHsTHBIX OTKJIOHEHHAX HAarpy3KH, a TaKXKe I03BOJISIET YCTaHO-
BHTb peHTaleJjbHble BEJHYHHbI 3alacoB NPOYHOCTH AJsi [POEKTHPOBAHUSA
KOHCTPYKIHH, OZHOTHIHBIX C HCIIBITyeMbIMH.

CraTUCTHKA NepeMeHHBIX HanpsKeHHH 3a JJHTeJbHbIH MPOMENKYTOK Bpe-
MeHH paGoThl KOHCTPYKIHMH, T. €. IIPH CaMbiX pPas3sHOOGPA3HBIX VCJOBUSX
YKCIJIyaTaUHH €ee, MOXKeT MOJCKa3aTb NYyTH YTOYHEHHS aHAJIMTHYECKHX pac-
ueToB. M3MeHeHUs| HanpsKeHUH NPH HeperyJaspHbIX peXHMax HarpyKeHHsd,
BO3MOXXHO, IOAYMHSAIOTCA CTATHCTHYECKHM 3aKOHOMEPHOCTSIM, OMpejieseHHe
KOTOPHIX OGJIEFYHT COCTaBJIEHHe DacueTHHIX CXeM NPU NPOEKTHPOBAHUH KOH-
CTPYKLHH, OAHOTHIHBIX C HCIBITYEMBIMH.
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MexaHiky, 4. 1, 1926,
MexaHiky, 4. 2, 1927,
Mexaniky Ne 3, 1928,

36ipHUK
36ipHHK
36ipHHK
36ipHHK

npaub IHcTUTYTY TexniuHoi

npaub IHCTHTYTY TexHiuHoi

npaub IHCTHTYTY TexHiuHol

npaub IHCTUTYTY TexHiunoi mexamika Ne 4, 1929, crp. 207.

36ipHuK npaub IHCTUTYTY TexHiuHOi MexaHikn Ne 5, 1929, crp. 171.
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1932, crp. 178.

crp. 121.
crp. 133.
crp. 153.

36ipHuK mpaub [HCTHTYTY GyaiBeabHoi Mexaniku Ne 7, 1931, crp. 178.

36ipHuK npaub IHCTHTYTY GyaiBeabHol Mexanikm Ne 8, 1948, crp. 144.

CGopuuk Tpynos MHCTHTYTa cTpoHTebHON MexaHukH, T. 9, 1948, ctp. 175.

C6opunk TpyoB MHCTHTYTA CTpoHTeNbHOM MexaHukH, T. 10, 1949, ctp. 208.

C6opuuk tpynoB Huctutyra crpouTenbHOil MeXaHHKH, T. 11, 1949, crp. 171.

C6opuuk Tpyaor MHCTHTYTA CTPOHTEbHO MexaHHKH, T. 12, 1950, cTp. 205.

CGopHuK TpynoB HMHCTHTYTA CTpONTENbHOI MexaHHKM, T. 13, 1950, crp. 144.

CGopunk TpynoB MHCTHTYTa CTpOMTeNbHOR MeXaHukd, T. 14, 1950, ctp. 152.

C6opuuk Tpynos MHCTHTYTa cTpoHTeNBHOM MexaHHKH, T. 15, 1950, ctp. 164.
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CGoprux Tpynos MHCTHTYTa CTPOHTENBHOH MEeXaHUKH, T. 18, 1953, crp. 142.

3anuckn Kadeapel MaTeMaTHYeCKOH GH3HKH, T. [—II, 1937, ctp. 365.

3anuckn kagenpbl MaTeMaTHueckoit dusukm, T. 111, 1937, cTp. 215.

3anuckd Kadenpbl MaTeMaTHueckoll ¢usukm, T. 1V, 1939, cTp. 288.

Hrpopmaunonnbie Matepuanst Ne 1, 1949, crp. 71.

Hudopmaunonnsie Matepnanbr Ne 2, 1949, crp. 54.

Uupopmaunounsie mMatepuansl Ne 3, 1949, crp. 88.
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apKaMH.
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1935, crp. 32.
C. B. Cepencen, KonueHrpalisi HanpyxeHb i BTOMa y KoJiHuacTux Banjax, 1935,
crp. 43.

H M. Kpnaop u H H DBoroanw6os, IlpubiuxerHble MeTOAbl HeJHHeHHOH
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yecko# pesoatounu (ouepk), 1.38, crtp. 39.
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Cnucok onevartog
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